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Description 

[0001] The present invention relates to an optical in- 
formation processing apparatus with an optical head for 
irradiating an optical information recording medium with 5 
light, converting the light reflected by the optical informa- 
tion recording medium into a head signal, and outputting 
the head signal. The present invention relates also to a 
method of processing optical information. 
[0002] Optical discs called DVDs (Digital Versatile io 
Disks) are commercially available as optical information 
recording media of high density and high capacity. Such 
optical discs have been used widely these days for re- 
cording media to record images, music, and computer 
data. Studies on optical discs for the next generation, is 
i.e., optical discs having further improved recording den- 
sity, have proceeded in many facilities. Such next-gen- 
eration optical discs are expected as recording media for 
replacing videotapes used for the currently-dominating 
VTRs (Video Tape Recorders), and the development is 20 
pursued at a feverish pitch. 

[0003] US patent document US-B1 -5,848,036, which 
is used for the two-part form delimitation, discloses an 
optical disk drive equipped with means for performing 
optimization of a cut-off frequency of an equalizing filter, 25 
and a focus position, in order to minimize jitter. 
[0004] Japanese laid-open patent application JP-A- 
1 0-1 0601 2 discloses aspherical aberration method com- 
prising a drive for axially displacing a laser source. 
[0005] Japanese laid-open patent application JP-A- 30 
2000-057616 discloses an optical pickup comprising 
convergence position adjustment means. 
[0006] US patent document US-B1 -6,229,600 disclos- 
es an optical player using aspherical aberration detection 
system operating separately from a focus error detection 35 
system. 

[0007] An available technique for improving the re- 
cording density of an optical disc is to reduce the spot 
formed on a recording surface of an optical disc. Such a 
spot can be reduced by increasing the numerical aperture 40 
of light radiated from the optical head and decreasing the 
wavelength of the light. 

[0008] However, a spherical aberration caused by an 
error in thickness of a protective layer formed on the op- 
tical disc will be increased rapidly when the numerical 45 
aperture of light radiated from the optical head is in- 
creased and the wavelength of the light is decreased. 
Therefore, a means for compensating the spherical ab- 
erration is required. The following description is about a 
conventional optical information processing apparatus so 
having a means for compensating the spherical aberra- 
tion. 

[0009] FIG. 15 is a block diagram showing a configu- 
ration of a conventional optical information processing 
apparatus 90, and FIG. 1 6 is a block diagram for explain- 55 
ing a configuration of an optical head 5 provided in the 
conventional optical information processing apparatus 
90. The optical head 5 in the optical information process- 



ing apparatus 90 has a semiconductor laser 123. A light 
beam 122 emitted from the semiconductor laser 123 
passes through a prism 124, and it is collimated by a 
focusing lens 13 so as to be a substantially parallel light 
beam. 

[0010] The light beam collimated by the focusing lens 
13 passes through a concave lens and a convex lens 
provided in a spherical aberration compensator 7 and 
the light beam is reflected by a mirror 1 4. The light beam 
reflected by the mirror 14 is converged by an object lens 
9 so as to form a spot on a recording surface formed on 
an optical disc 6, and reflected by the recording surface 
so as to form reflected light 33. The reflected light 33 
passes again through the objective lens 9, and it is re- 
flected by the mirror 14. Then, the light passes through 
the spherical aberration compensator 7, and it is focused 
by the focusing lens 13. After being focused by the fo- 
cusing lens 13, the light 33 is reflected by a prism 124, 
and it passes through a hologram 115 provided for de- 
tecting a spherical aberration and also a cylindrical lens 
1 1 6 provided for detecting a focal position so as to enter 
a photodetector 117. 

[001 1 ] The photodetector 1 1 7 generates a head signal 
on the basis of the reflected light 33 as incident light, and 
outputs the head signal into a preamp 18. The preamp 
1 8 generates and outputs a focusing error signal FE ac- 
cording to astigmatism on the basis of the head signal 
outputtedfrom the photodetector 1 1 7 provided in the op- 
tical head 5. Moreover, as disclosed in Tokuhyo- 
2001 -507463 (published Japanese translation of PCT in- 
ternational publication for patent application), the preamp 
1 8 detects separately a focusing error signal at the inner 
radius of the reflected light 33 and that of the rim of the 
reflected light 33, and generates a spherical aberration 
error signal SAE on the basis of the difference between 
the focusing error signals and outputs spherical aberra- 
tion error signal SAE. 

[0012] The focusing error signal FE outputted from the 
preamp 1 8 is inputted into a signal-amplitude instrument 
20 via a switch 28. The signal-amplitude instrument 20 
measures an amplitude of the focusing error signal FE 
and outputs the measurement result as a detection signal 
FEpp into an amplitude-maximum probe 21. The ampli- 
tude-maximum probe 21 outputs a spherical aberration 
compensating signal ASAE into an adder 26 so that the 
detection signal FE pp has a maximum amplitude. 
[0013] The amplitude-maximum probe 21 searches for 
the spherical aberration, using the detection signal FE pp 
as the evaluation value so as to obtain a maximum de- 
tection signal FE pp . An example of the methods for 
searching for an optimum spherical aberration as de- 
scribed above includes varying the spherical aberration 
compensating signal ASAE slightly in order to slightly 
fluctuate the spherical aberration, checking a fluctuation 
of the amplitude of the detection signal FE pp at that time, 
and varying the spherical aberration compensating sig- 
nal ASAE for increasing the detection signal FE pp . 
[0014] Since a switch 27 is in an OFF-state, the adder 
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26 outputs the spherical aberration compensating signal 
ASAE from the amplitude-maximum probe 21 into a 
spherical aberration controller 1 2. The spherical aberra- 
tion controller 12 outputs a control signal into a spherical 
aberration compensating actuator 8 provided in the 
spherical aberration compensator 7 of the optical head 
5, on the basis of the spherical aberration compensating 
signal ASAE outputted from the adder 26, in order to vary 
a divergence of the light beam by varying spacing be- 
tween two lenses provided in the spherical aberration 
compensator 7 and compensate the spherical aberration 
caused by an error in thickness of a protective layer 
formed on the optical disc 6. 

[0015] The preamp 18 generates a reproduction signal 
RF by amplifying the head signal outputted from the op- 
tical head 5, and outputs the reproduction signal RF into 
a jitter detector 4. The jitter detector 4 measures jitter of 
the reproduction signal RF outputted from the preamp 
1 8, and outputs the measurement result as a jitter detec- 
tion signal JT into a minimum-jitter probe 91. 
[001 6] Here, the term 'jitter' denotes a physical quantity 
representing a time delay of an information transition for 
a reproduction signal. The jitter has a close relationship 
with an error rate representing the probability of error 
occurrence at the time of reading information from the 
optical disc. Therefore, the jitter is used as an evaluation 
value for controlling in the optical information processing 
apparatus. 

[0017] The minimum-jitter probe 91 searches for a fo- 
cal position having a minimum jitter value by using a tech- 
nique similarto the above-described case where the am- 
plitude-maximum probe 21 is used, and outputs a focal 
position compensating signal AFE into the adder 25. The 
switch 28 is turned to the adder25, and the focusing error 
signal FE from the preamp 1 8 is outputted into the adder 
25. The adder 25 performs addition of the focusing error 
signal FE outputted from the preamp 18 and the focal 
position compensating signal AFE outputted from the 
minimum-jitter probe 91, and outputs the result into the 
focusing controller 1 1 . On the basis of the result of addi- 
tion outputted from the adder 25, the focusing controller 
11 outputs a control signal into a focusing actuator 10 
provided in the optical head 5. On the basis of the control 
signal outputted from the focusing controller 1 1 , the fo- 
cusing actuator 1 0 drives the objective lens 9 along with 
a direction perpendicular to the optical disc 6 in order to 
control the focal position of the light beam converged on 
the optical disc 6. Accordingly, a focus control is per- 
formed. 

[0018] Then, the switch 27 is tumedfrom an OFF-state 
to an ON-state. Into the adder 26, the amplitude-maxi- 
mum probe 21 outputs the spherical aberration compen- 
sating signal ASAE that maximizes the amplitude of the 
focusing error signal FE stored in advance of the per- 
formance of the focus control. The adder 26 performs 
addition of the spherical aberration SAE outputted from 
the preamp 18 and the spherical aberration compensat- 
ing signal ASAE outputted from the amplitude-maximum 



probe 21 and outputs the result into the spherical aber- 
ration controller 12. On the basis of the addition result 
outputted from the adder 26, the spherical aberration 
controller 12 outputs the control signal into the spherical 

5 aberration compensating actuator 8 provided in the 
spherical aberration compensator 7 of the optical head 
5. The spherical aberration compensating actuator 8, on 
the basis of the control signal outputted from the spherical 
aberration controller 12, varies spacing between two 

10 lenses provided in the spherical aberration compensator 
7 and varies the divergence of the light beam in order to 
compensate the spherical aberration caused by an error 
in thickness of the protective layer formed on the optical 
disc 6. 

15 [0019] In this manner, an optical disc apparatus ac- 
cording to the conventional technique compensates the 
spherical aberration first, and then searches for a focal 
position that minimizes the jitter value. 
[0020] However, a recent study by the inventors clar- 

20 ified that the jitter may not be converged to its minimum 
value in the thus configured optical information process- 
ing apparatus. 

[0021] FIGs. 17A-17C are graphs showing the rela- 
tionship between a wave front aberration and a distance 

25 from a center of a light beam. The x-axis in each graph 
indicates a distance from a center of a light beam radiated 
from the optical head 5 onto the optical disc 6, and the 
y-axis indicates a wave front aberration. The wave front 
aberration is used for evaluating optical characteristics 

30 of the optical head since it has a close relationship with 
jitter. 

[0022] FIG. 1 7A shows a relationship between a wave 
front aberration and a distance from a center of a light 
beam, where the light beam has a focal position at a 

35 location displaced by some degree from the recording 
surface formed on the optical disc along with a direction 
perpendiculartothe surface of the optical disc. As shown 
in FIG. 17A, a curve indicating a relationship between 
the wave front aberration and a distance from a center 

40 of a light beam makes a quadratic curve in the case that 
the focal position of the light beam is displaced from the 
recording surface. 

[0023] FIG. 1 7B shows a relationship between a wave 
front aberration and a distance from a center of a light 

45 beam when a spherical aberration is provided by 20 mX 
using the spherical aberration compensator 7 for a case 
that the focal position is displaced as shown in FIG. 1 7A. 
As clearly indicated by the curve in FIG. 17B, the total 
wave front aberration is increased in a comparison with 

50 the total wave front aberration shown in FIG. 1 7A. 

[0024] FIG. 1 7C shows a relationship between a wave 
front aberration and a distance from a center of a light 
beam when a spherical aberration is provided by -20 mX 
using the spherical aberration compensator 7 in a case 

55 that the focal position is displaced as shown in FIG. 1 7A. 
As clearly indicated by the curve in FIG. 17C, the total 
wave front aberration is decreased in comparison with 
the total wave front aberration shown in FIG. 17A. 



3 



5 



EP1 318 507 B1 



6 



[0025] As described above, a total wave front aberra- 
tion is increased for the case of FIG. 17B while it is de- 
creased for the case of FIG. 17C even when providing 
spherical aberrations that are identical in the absolute 
value. This indicates that the focal position and the spher- 
ical aberration are influenced by each other, and that the 
focal position and the spherical aberration are under an 
influence of jitter. 

[0026] In the above-described conventional optical in- 
formation processing apparatus, the spherical aberration 
and the focal position are searched separately, for ex- 
ample, by searching for a spherical aberration that max- 
imizes an amplitude of a focusing error signal and then 
searching for afocal position that minimizes a jitter value. 
[0027] However, as described above, both the focal 
position and the spherical aberration influence jitter. 
Therefore, when the focal position and the spherical ab- 
erration are searched separately, a convergence result 
in the searches may vary depending on the initial focal 
position and the initial spherical aberration. This may re- 
sult in failures in obtaining a result in a search to find a 
true minimum value of the jitter. When a searched jitter 
value is shifted from the true minimum value, reproduc- 
tion signals will deteriorate. Moreover, either record in- 
formation or address information recorded on the optical 
disc may not be read normally. Furthermore, information 
may not be recorded accurately since recording on the 
optical disc is carried out in a state that the spot of the 
light beam is spread. 

[0028] The present invention aims to solve the above- 
described problems, and the object is to provide an op- 
tical information processing apparatus for obtaining a 
high quality signal reproduced from an optical disc, and 
a method of processing optical information. 
[0029] For achieving the above-described objects, an 
optical information processing apparatus according to 
the present invention includes: an optical head for irra- 
diating an optical information recording medium with 
light, converting the light into a head signal and outputting 
the head signal; a signal quality index detector for de- 
tecting a signal quality index representing quality of the 
head signal on the basis of the head signal outputted 
from the optical head; and a two-dimensional probe for 
varying the focal position and the spherical aberration of 
the radiated light so as to search for a focal position and 
a spherical aberration that optimize the signal quality in- 
dex. 

[0030] In the present specification, the term 'signal 
quality index' is an index representing the quality of a 
head signal converted using the optical head from light 
that is reflected by the optical information recording me- 
dium. The signal quality index includes, for example, jit- 
ter, an error rate, an amplitude of a reproduction signal, 
an amplitude of a tracking error signal, an amplitude of 
a focusing error signal, and an amplitude of a wobble 
signal. 

[0031 ] A method of processing optical information ac- 
cording to the present invention includes: a step of irra- 



diating an optical information recording medium with 
light, converting the light reflected by the optical informa- 
tion recording medium into a head signal, and outputting 
the head signal; a step of detecting a signal quality index 

5 representing the quality of the head signal on the basis 
of the head signal; and a step of varying the focal position 
and the spherical aberration of the radiated light so as to 
search for a focal position and a spherical aberration that 
optimize the signal quality index. 

10 [0032] FIG. 1 is a block diagram showing a configura- 
tion of an optical information processing apparatus ac- 
cording to an embodiment of the present invention. 
[0033] FIG. 2 is a block diagram for explaining the con- 
figuration of an optical head provided in an optical infor- 

15 mation processing apparatus according to an embodi- 
ment of the present invention. 

[0034] FIG. 3 is a block diagram showing the configu- 
ration of a minimum-jitter probe provided in an optical 
information processing apparatus according to an em- 

20 bodiment of the present invention. 

[0035] FIG. 4 is a graph showing a characteristic of 
jitter with respect to a focal position and a spherical ab- 
erration in an optical information processing apparatus 
according to an embodiment of the present invention. 

25 [0036] FIG. 5 is a graph for explaining a two-dimen- 
sional search using an optical information processing ap- 
paratus according to an embodiment of the present in- 
vention. 

[0037] FIG. 6 is a flow chart showing an operation for 
30 a two-dimensional search using an optical information 
processing apparatus according to an embodiment of the 
present invention. 

[0038] FIG. 7 is a graph for explaining another two- 
dimensional search using an optical information process- 
es ing apparatus according to an embodiment of the present 
invention. 

[0039] FIG. 8 is a flow chart showing an operation for 
another two-dimensional search using an optical infor- 
mation processing apparatus according to an embodi- 
40 ment of the present invention. 

[0040] FIG. 9 is a graph for explaining still anothertwo- 
dimensional search using an optical information process- 
ing apparatus according to an embodiment of the present 
invention. 

45 [0041] FIG. 10 is a flow chart showing an operation for 
still another two-dimensional search using an optical in- 
formation processing apparatus according to an embod- 
iment of the present invention. 

[0042] FIG. 1 1 is a graph for explaining a still another 
so two-dimensional search using an optical information 
processing apparatus according to an embodiment of the 
present invention. 

[0043] FIG. 1 2 is a flow chart showing an operation for 
a still another two-dimensional search using an optical 
55 information processing apparatus according to an em- 
bodiment of the present invention. 
[0044] FIG. 13 is a block diagram for explaining a con- 
figuration of another optical head provided in an optical 
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information processing apparatus according to an em- 
bodiment of the present invention. 
[0045] FIG. 14 is a front view of a liquid crystal element 
provided in another optical head according to an embod- 
iment of the present invention. 

[0046] FIG. 15 is a block diagram showing a configu- 
ration of a conventional optical information processing 
apparatus. 

[0047] FIG. 1 6 is a block diagram for explaining a con- 
figuration of an optical head provided in a conventional 
optical information processing apparatus. 
[0048] FIGs. 1 7A-1 7C are graphs showing a relation- 
ship between a wave front aberration and a distance from 
a center of a light beam. 

[0049] In an optical information processing apparatus 
according to an embodiment of the present invention, a 
focal position and a spherical aberration of light radiated 
onto an optical information recording medium are varied 
so that a two-dimensional probe searches for a focal po- 
sition and a spherical aberration that optimize a signal 
quality index detected by a signal quality index detector. 
Accordingly, the value of the signal quality index can be 
optimized on the basis of the spherical aberration of the 
light radiated onto the optical information recording me- 
dium as well as on the basis of the focal position of the 
same light. As a result, the present invention provides an 
optical information processing apparatus that can opti- 
mize the quality of a head signal outputted from the op- 
tical head. 

[0050] It is preferable that the two-dimensional probe 
includes a focal position probe for varying the focal po- 
sition so as to search for a focal position that optimizes 
the value of the signal quality index and also a spherical 
aberration probe for varying the spherical aberration so 
as to search for a spherical aberration that optimizes the 
value of the signal quality index. 
[0051] It is preferable that the two-dimensional probe 
searches for a focal position and a spherical aberration 
that optimize the value of the signal quality index by al- 
ternately repeating the search for the focal position by 
using the focal position probe and the search for the 
spherical aberration by using the spherical aberration 
probe. 

[0052] It is preferable that the two-dimensional probe 
compares values of the signal quality indices at respec- 
tive points (Xi, Yj) so as to search for a point (Xa, Yb) 
that optimizes the signal quality index, and repeats the 
search around the point (Xa, Yb) while reducing a range 
AX and a range AY so as to obtain a focal position and 
a spherical aberration that optimize the signal quality in- 
dex. The focal position is defined as a variable X and the 
spherical aberration is defined as a variable Y, a value 
of n ('n' is an integer biggerthan 1 ) of the variable X within 
a range AX is denoted as Xi (T is 1 or an integer bigger 
than 1 and not biggerthan n), and a value of m ('m' is an 
integer biggerthan 1) of the variable Y within a range AY 
is denoted as Yj ff is 1 or an integer bigger than 1 and 
not biggerthan m). 



[0053] It is preferable that, when the focal position is 
defined as a variable X and the spherical aberration is 
defined as a variable Y, the two-dimensional probe varies 
the focal position X at a predetermined spherical aber- 
5 ration Y1 so as to search for a focal position X1 that op- 
timizes the signal quality index and varies the focal po- 
sition X at a predetermined spherical aberration Y2 so 
as to search for a focal position X2 that optimizes the 
signal quality index, and the two-dimensional probe var- 
10 ies the focal position X and the spherical aberration Y on 
a straight line Y = (Y2 - Y1 )/(X2 - X1 ) x (X - X1 ) + Y1 that 
connects a point (X1 , Y1 ) and a point (X2, Y2) so as to 
search for a focal position and a spherical aberration that 
optimize the signal quality index. 

15 [0054] It is preferable that, when the focal position is 
defined as a variable X and the spherical aberration is 
defined as a variable Y, the two-dimensional probe varies 
the spherical aberration Y at a predetermined focal po- 
sition X1 so as to search for a spherical aberration Y1 

20 that optimizes the signal quality index and varies the 
spherical aberration Y at a predetermined focal position 
X2 so as to search for a spherical aberration Y2 that 
optimizes the signal quality index, and the two-dimen- 
sional probe varies the focal position X and the spherical 

25 aberration Y on a straight line Y = (Y2 - Y1)/(X2 - X1) x 
(X - X1 ) + Y1 that connects a point (X1 , Y1 ) and a point 
(X2, Y2) so as to search for a focal position and a spher- 
ical aberration that optimize the signal quality index. 
[0055] It is preferable that, when the focal position is 

30 defined as a variable X and the spherical aberration is 
defined as a variable Y, the two-dimensional probe varies 
the focal position X and the spherical aberration Y on a 
straight line Y = aX + YO concerning a tilt a passing a 
predetermined spherical aberration YO so as to search 

35 for a focal position X1 and a spherical aberration Y1 that 
optimize the signal quality index value, and the two-di- 
mensional probe varies the focal position X and the 
spherical aberration Y on a straight line Y = - (X - X1 )/a 
+ Y1 concerning a tilt - 1/a passing a point (X1 , Y1) so 
as to search for afocal position and a spherical aberration 
that optimize the signal quality index value. 
[0056] It is preferable that X is 390 nm or more and 420 
nm or less, NA is about 0.85, and the value of the tilt a 
is 0.1 /jj,m or more and 0.3 fam or less, when X denotes 

45 a wavelength of the light radiated onto the optical infor- 
mation recording medium and NA denotes a numerical 
aperture. 

[0057] It is preferable that the signal quality index de- 
tected by the signal quality index detector is jitter and that 

so the two-dimensional probe searches for a focal position 
and a spherical aberration that minimize the jitter. 
[0058] It is preferable that the signal quality index de- 
tected by the signal quality index detector is an error rate 
and that the two-dimensional probe searches for a focal 

55 position and a spherical aberration that minimize the error 
rate. 

[0059] It is preferable that the signal quality index de- 
tected by the signal quality index detector is an amplitude 
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of a reproduction signal and that the two-dimensional 
probe searches for a focal position and a spherical ab- 
erration that maximize the amplitude of the reproduction 
signal. 

[0060] It is preferable that the signal quality index de- 
tected by the signal quality index detector is an amplitude 
of a tracking error signal and that the two-dimensional 
probe searches for a focal position and a spherical ab- 
erration that maximize the amplitude of the tracking error 
signal. 

[0061] It is preferable that the signal quality index de- 
tected by the signal quality index detector is an amplitude 
of a wobble signal and that the two-dimensional probe 
searches for a focal position and a spherical aberration 
that maximize the amplitude of the wobble signal. 
[0062] It is preferable that experimental information is 
recorded on the optical information recording medium 
andthat the headsignal converted from the light reflected 
by the optical information recording medium is obtained 
by reproducing the experimental information. 
[0063] It is preferable that the signal q uality index com- 
prises a focusing error signal and a tracking error signal; 
the two-dimensional probe has a focal position probe for 
varying the focal position so as to search for a focal po- 
sition that maximizes the amplitude of the tracking error 
signal, and a spherical aberration probe for varying the 
spherical aberration so as to search for a spherical ab- 
erration that maximizes the amplitude of the focusing er- 
ror signal; and the optical head records the experimental 
information on the optical information recording medium 
at a spherical aberration that maximizes the amplitude 
of the focusing error signal and at a focal position that 
maximizes the amplitude of the tracking error signal. 
[0064] A method of processing optical information ac- 
cording to an embodiment of the present invention in- 
cludes a two-dimensional search step of varying a focal 
position and a spherical aberration of light radiated onto 
an optical information recording medium so as to search 
for a focal position and a spherical aberration that opti- 
mize a signal quality index detected in a step of detecting 
signal quality index. Thereby, the signal quality index can 
be optimized on the basis of a focal position of light ra- 
diated onto an optical information recording medium and 
also on the basis of a spherical aberration of the light 
radiated onto the optical information recording medium. 
As a result, the method accordingto the present invention 
can optimize the quality of a head signal output from an 
optical head. 

[0065] It is preferable that the two-dimensional search 
comprises: a focal position search comprising varying 
the focal position so as to search for a focal position that 
optimizes the signal quality index, and a spherical aber- 
ration search comprising varying the spherical aberration 
so as to search for a spherical aberration that optimizes 
the signal quality index. 

[0066] It is preferable that the two-dimensional search 
comprises alternate repetition of a search for the focal 
position by using the focal position probe and a search 



for the spherical aberration by using the spherical aber- 
ration probe so as to search for a focal position and a 
spherical aberration that optimize the signal quality index. 
[0067] It is preferable in the two-dimensional search 

5 that the signal quality indices at the respective points (Xi, 
Yj) are compared so as to search for a point (Xa, Yb) that 
optimizes the signal quality index and the search around 
the point (Xa, Yb) is repeated while reducing a range AX 
and a range AY so as to obtain a focal position and a 

10 spherical aberration that optimizethe signal quality index. 
The focal position is defined as a variable X and the 
spherical aberration is defined as a variable Y, a value 
of n ('n'is an integer biggerthan 1) of the variable X within 
a range AX is denoted as Xi (T is 1 or an integer bigger 

15 than 1 and not biggerthan n), and a value of m ('m' is an 
integer biggerthan 1) of the variable Y within a range AY 
is denoted as Yj fj' is 1 or an integer biggerthan 1 and 
not biggerthan m). 

[0068] It is preferable in the two-dimensional search 
20 that, when the focal position is defined as a variable X 
and the spherical aberration is defined as a variable Y, 
the focal position X is varied at a predetermined spherical 
aberration Y1 so as to search for a focal position X1 that 
optimizes the signal quality index, and the focal position 
25 x is varied at a predetermined spherical aberration Y2 
so as to search for a focal position X2 that optimizes the 
signal quality index, and the focal position X and the 
spherical aberration Y are varied on a straight line Y = 
(Y2 - Y1 )/(X2 - X1 ) x (X - X1 ) + Y1 that connects a point 
30 (X1 , Y1 ) and a point (X2, Y2) so as to search for a focal 
position and a spherical aberration that optimize the sig- 
nal quality index. 

[0069] It is preferable in the two-dimensional search 
that, when the focal position is defined as a variable X 

35 and the spherical aberration is defined as a variable Y, 
the spherical aberration Y is varied at a predetermined 
focal position X1 so as to search for a spherical aberration 
Y1 that optimizes the signal quality index, and the spher- 
ical aberration Y is varied at a predetermined focal posi- 

40 tion X2 so as to search for a spherical aberration Y2 that 
optimizes the signal quality index, and the focal position 
X and the spherical aberration Y are varied on a straight 
line Y = (Y2 - Y1 )/(X2 - X1 ) x (X - X1 ) + Y1 that connects 
a point (X1 , Y1 ) and a point (X2, Y2) so as to search for 

45 a focal position and a spherical aberration that optimize 
the signal quality index. 

[0070] It is preferable in the two-dimensional search 
that, when the focal position is defined as a variable X 
and the spherical aberration is defined as a variable Y, 

50 the focal position X and the spherical aberration Y are 
varied on a straight line Y = aX + YO concerning a tilt a 
passing a predetermined spherical aberration YO so as 
to search for a focal position X1 and a spherical aberra- 
tion Y1 that optimize the signal quality index, and that 

55 the focal position X and the spherical aberration Y are 
varied on a straight line Y = - (X - X1 )/a + Y1 concerning 
a tilt - 1/a passing a point (X1 , Y1 ) so as to search for a 
focal position and a spherical aberration that optimize 
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the signal quality index. 

[0071] it is preferable that X is 390 nm or more and 420 
nm or less, NA is about 0.85, and the value of the tilt a 
is 0.1 Xrms/\Lm or more and 0.3 A,rms/jxm or less, when 
X denotes a wavelength of the light radiated onto the 
optical information recording medium and NA denotes a 
numerical aperture. 

[0072] It is preferable in the two-dimensional search 
that the signal quality index detected by the signal quality 
index detector is jitter and that a focal position and a 
spherical aberration that minimize the jitter are searched 
for. 

[0073] It is preferable in the two-dimensional search 
thatthe signal quality index detected by the signal quality 
index detector is an error rate and that a focal position 
and a spherical aberration that minimize the error rate 
are searched for. 

[0074] It is preferable in the two-dimensional search 
thatthe signal quality index detected by the signal quality 
index detector is an amplitude of a reproduction signal 
and that a focal position and a spherical aberration that 
maximize the amplitude of the reproduction signal are 
searched for. 

[0075] It is preferable in the two-dimensional search 
thatthe signal quality index detected by the signal quality 
index detector is an amplitude of a tracking error signal 
and that a focal position and a spherical aberration that 
maximize the amplitude of the tracking error signal are 
searched for. 

[0076] It is preferable in the two-dimensional search 
thatthe signal quality index detected by the signal quality 
index detector is an amplitude of a wobble signal and 
that a focal position and a spherical aberration that max- 
imize the value of amplitude of the wobble signal are 
searched for. 

[0077] It is preferable that experimental information is 
recorded on the optical information recording medium 
and that the head signal converted from the light reflected 
by the optical information recording medium is obtained 
by reproducing the experimental information. 
[0078] It is preferable that the signal quality index com- 
prises a focusing error signal and a tracking error signal; 
the two-dimensional search includes varying the focal 
position so as to search for a focal position that maximiz- 
es the amplitude of the tracking error signal, and a spher- 
ical aberration detection includes varying the spherical 
aberration so as to search for a spherical aberration that 
maximizes the amplitude of the focusing error signal; and 
the optical head signal output includes recording of the 
experimental information on the optical information re- 
cording medium at a spherical aberration that maximizes 
the amplitude of the focusing error signal and at a focal 
position that maximizes the amplitude of the tracking er- 
ror signal. 

[0079] Embodiments of the present invention will be 
described below by referring to the attached drawings. 
[0080] FIG. 1 is a block diagram showing a configura- 
tion of an optical information processing apparatus 100 



according to an embodiment, and FIG. 2 is a block dia- 
gram for explaining a configuration of an optical head 5 
provided in the optical information processing apparatus 
100. FIG. 3 is a block diagram showing a configuration 

5 of a minimum-jitter probe 1 provided in the optical infor- 
mation processing apparatus 100. 
[0081] The optical head 5 in the optical information 
processing apparatus 1 00 has a semiconductor laser 23. 
A light beam 22 emitted from the semiconductor laser 23 

10 passes through a prism 24, and it is collimated by a fo- 
cusing lens 13 so as to be a substantially parallel light 
beam. 

[0082] The light beam collimated by the focusing lens 
13 passes through a concave lens and a convex lens 
15 provided in a spherical aberration compensator 7, and it 
is reflected by a mirror 14. The light beam reflected by 
the mirror 1 4 is converged by an objective lens 9 so as 
to form a spot on a recording surface formed on an optical 
disc 6, and reflected by the recording surface. The light 
reflected by the recording surface, i.e., reflected light 33, 
passes through the objective lens 9 again. After being 
reflected by the mirror 14, the reflected light 33 passes 
through the spherical aberration compensator 7, and it 
is focused by the focusing lens 13. The reflected light 33 
focused by the focusing lens 13 is reflected by the prism 
24. Then, the reflected light 33 enters a photodetector 
17, after passing through a hologram 15 provided for de- 
tecting a spherical aberration and a cylindrical lens 16 
provided for detecting a focal position. 
[0083] The photodetector 1 7 generates a head signal 
on the basis of the incident reflected light 33 and outputs 
the head signal into a preamp 18. The preamp 18 gen- 
erates a focusing error signal FE according to astigma- 
tism on the basis of a head signal outputted from the 
photodetector 1 7 provided in the optical head 5, and out- 
puts the focusing error signal FE into an adder 25. The 
preamp 18 detects also the focusing error signals of the 
reflected light 33 at the inner radius and at the rim sep- 
arately, generates a spherical aberration error signal 
SAE on the basis of a difference between the signals, 
and outputs the spherical aberration error signal SAE 
into an adder 26. Furthermore, the preamp 1 8 generates 
a reproduction signal RF by amplifying the head signal 
outputted from the optical head 5, and outputs the repro- 
duction signal RF into a jitter detector 4. The jitter detector 
4 measures jitter of the reproduction signal RF and out- 
puts the result as a jitter detection signal JT into the min- 
imum-jitter probe 1 . 

[0084] Here, the term 'jitter' denotes a physical quantity 
representing a time delay of an information transition for 
a reproduction signal. The jitter has a close relationship 
with an error rate representing the probability of error 
occurrence at the time of reading information from the 
optical disc. Therefore, jitter is used as an evaluation val- 
ue for control in the optical information processing appa- 
ratus. 

[0085] The minimum-jitter detector 1 has a focal posi- 
tion probe 2. The focal position probe 2 generates a focal 



25 



30 



35 



40 



45 



50 



7 



13 



EP 1 318 507 B1 



14 



position compensating signal AFE and outputs it into the 
adder 25, so that the focal position probe 2 varies the 
focal position so as to search for a focal position that 
minimize the value of the jitter detection signal JT. 
[0086] The minimum-jitter probe 1 has a spherical ab- 
erration probe 3. The spherical aberration probe 3 gen- 
erates a spherical aberration compensating signal ASAE, 
so that it varies the spherical aberration so as to search 
for a spherical aberration that minimizes the value of the 
jitter detection signal JT. 

[0087] The adder25 performs an addition of the focus- 
ing error signal FE outputted from the preamp 1 8 and the 
focal position compensating signal AFE outputted from 
the focal position probe 2, and outputs the result into the 
focusing controller 1 1. The focusing control Ier1 1 outputs 
a control signal into a focusing actuator 10 provided in 
the optical head 5, on the basis of the addition result 
outputted from the adder 25. The focusing actuator 1 0, 
on the basis of the control signal outputted from the fo- 
cusing controller 1 1 , drives the objective lens 9 along a 
direction perpendicular to the optical disc 6 so as to con- 
trol the focal position of the light beam converged on the 
optical disc 6. Accordingly, focus control is carried out. 
[0088] The adder26 performs an addition of the spher- 
ical aberration error signal SAE outputted from the 
preamp 18 and the spherical aberration compensating 
signal ASAE outputted from the spherical aberration 
probe 3 and outputs the result into a spherical aberration 
controller 12. The spherical aberration controller 12, on 
the basis of the addition result outputted from the adder 
26, outputs a control signal into a spherical aberration 
compensating actuator 8 provided in the spherical aber- 
ration compensator 7. The spherical aberration compen- 
sating actuator 8, on the basis of the control signal out- 
putted from the spherical aberration controller 1 2, varies 
spacing between two lenses provided in the spherical 
aberration compensator 7 so that the divergence of the 
light beam is varied to compensate the spherical aber- 
ration occurring due to an error in thickness of a protective 
layer formed on the optical disc 6. 
[0089] FIG. 4 is a graph showing a jitter characteristic 
with respect to the focal position and the spherical aber- 
ration in the optical information processing apparatus 
1 00. The x-axis denotes a focal position of a light beam 
radiated from the optical head 5 onto the optical disc 6, 
and the y-axis denotes a spherical aberration of the light 
beam on a recording surface formed on the optical disc 
6. The jitter values are indicated with a contour map com- 
posed of ellipses drawn concentrically. The jitter values 
on the rims of the respective ellipses are equal, and the 
value is decreased with approach to the centers of the 
respective ellipses. Therefore, the jitter values are mini- 
mized at the centers of the respective ellipses. 
[0090] As shown in FIG. 4, the major axes and the 
minor axes of the respective ellipses have tilts with re- 
spect to the x-axis and the y-axis. This indicates that the 
focal position and the spherical aberration are influenced 
by each other regarding the jitter. Therefore, it is unde- 



sirable to adjust the focal position and the spherical ab- 
erration separately from each other from a viewpoint of 
minimizing the jitter, but the adjustment should be carried 
out while relating them. That is, atwo-dimensional search 

5 is required considering both the focal position and the 
spherical aberration in order to minimize the jitter value. 
[0091] The minimum-jitter probe 1 performs such a 
two-dimensional search, and it is composed of, e.g., a 
microprocessor in the optical information processing ap- 

10 paratus 1 00 according to the embodiment of the present 
invention. When the minimum-jitter probe 1 is composed 
of a microprocessor, a two-dimensional search can be 
carried out easily by programming even if the method of 
the two-dimensional search is complicated to some de- 

15 gree. 

[0092] FIG. 5 is a graph for explaining a two-dimen- 
sional search using the optical information processing 
apparatus 1 00. Similar to the above-identified case con- 
cerning FIG. 4, the x-axis indicates a focal position and 

20 the y-axis indicates a spherical aberration. The jitter value 
is indicated with a contour map composed of ellipses 
drawn concentrically. Hereinafter, the focal point is indi- 
cated as X and the spherical aberration is indicated as 
Y for explanation. 

25 [0093] First, the focal position probe 2 provided in the 
minimum-jitter probe 1 varies the focal position X on a 
straight line of a predetermined spherical aberration Y = 
Y1 so as to search for a focal position X1 that minimizes 
the jitter value. Then, the spherical aberration probe 3 

30 varies the spherical aberration Y on a straight line of a 
predetermined focal position X = X1 so as to search for 
a spherical aberration Y2 that minimizes the jitter value. 
As a result of alternately repeated search for the focal 
position X by the focal position probe 2 and search for 

35 the spherical aberration Y by the spherical aberration 
probe 3, the jitter value is decreased as indicated by a 
zigzag line in FIG. 5. The repeated search is ended when 
the jitter value bottoms out and cannot be decreased by 
any of the search of the focal position X by using the focal 

to position probe 2 or the search of spherical aberration Y 
by using the spherical aberration probe 3, thereby ob- 
taining the focal position and the spherical aberration that 
minimize the jitter value. 

[0094] FIG. 6 is a flow chart showing an operation for 
45 the two-dimensional search by using the optical informa- 
tion processing apparatus 100. First in step S1, initial 
values of a focal position X and a spherical aberration Y 
are set. The initial values have a small jitter that is pre- 
viously set by experiments, simulations or the like to be 
50 decreased to a level enabling signal reproduction. In step 
S2, the focal position probe 2 varies the focal position X 
by a degree of AX. Later, the jitter detector 4 measures 
the jitter. Next in step S3, the focal position probe 2 de- 
cides whether the measured jitter value is minimized or 
55 not. The operation returns to step S2 so as to vary the 
focal position X by using the focal position probe 2 until 
the jitter value is minimized. When the jitter is minimized 
(YES in step S3), the operation goes to step S4. 
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[0095] In step S4, the spherical aberration probe 3 var- 
ies the spherical aberration Y by a degree of AY, and the 
jitter detector 4 measures the jitter. Later in step S5, the 
spherical aberration probe 3 decides whether the meas- 
ured jitter value is minimized or not. The operation returns 
to step S4 so as to vary the spherical aberration Y by 
using the spherical aberration probe 3 until the jitter value 
is minimized. When the jitter is minimized (YES in step 
S5), the operation goes to step S6. 
[0096] In step S6, the minimum-jitter probe 1 decides 
whetherthe jitter minimum value is converged or not, and 
steps S2-S5 are repeated until the value is converged. 
The condition for deciding whetherthe jitter minimum val- 
ue is converged or not can be, for example, that a change 
in the jitter minimum value becomes a previously set val- 
ue or lower than that. The two-dimensional search is end- 
ed when the jitter minimum value is converged (YES in 
step S6). 

[0097] According to the above-described embodiment 
of the present invention, the focal position and the spher- 
ical aberration of a light beam radiated onto the optical 
disc 6 are varied so that the minimum-jitter probe 1 
searches for a focal position and a spherical aberration 
that minimize the jitter value detected by the jitter detector 
4. Accordingly, the jitter value can be optimized on the 
basis of the spherical aberration of the light beam radi- 
ated onto the optical disc 6 as well as the focal position 
of the light beam radiated onto the optical disc 6. There- 
fore, an optical information processing apparatus accord- 
ing to the present invention can optimize the quality of a 
reproduction signal reproduced on the basis of a head 
signal outputted from the optical head 5. 
[0098] Though the signal quality index is jitter in a 
search for the focal position by using the focal position 
probe 2 and a search for the spherical aberration by using 
the spherical aberration probe 3 in this embodiment, the 
present invention is not limited to this example. The signal 
quality index can be an error rate, amplitude of a repro- 
duction signal, amplitude of a tracking error signal, am- 
plitude of a focusing error signal, amplitude of a wobble 
signal obtained by scanning a light spot on an information 
track wobbling due to a predetermined frequency. This 
can be applied to the following embodiments as well. 
[0099] The jitter, the error rate and the reproduction 
signal can be obtained by using an optical head to repro- 
duce a track on which disc information, address and data 
are recorded. For an unrecorded optical disc, experimen- 
tal information generated by a recording signal generator 
22 (FIG. 1) as a recording-signal generator is recorded 
on the optical disc 6, and the recorded experimental in- 
formation is reproduced for obtaining the jitter, the error 
rate and the reproduction signal. 
[0100] At this time, recording with a further focused 
spot can be obtained by recording the experimental in- 
formation with a spherical aberration that maximizes the 
amplitude of the focusing error signal in the spherical 
aberration probe 3 and also at a focal position that max- 
imizes the amplitude of the tracking errors signal in the 



focal position probe 2. The recorded experimental infor- 
mation can be erased after completing a search for a 
focal position and a spherical aberration that optimize 
the value of the signal quality index. Alternatively, an ex- 
5 periment track is provided on the optical disc 6 in order 
to record experimental information on the experiment 
track. 

[0101] FIG. 7 is a graph for explaining another two- 
dimensional search by using the optical information 

10 processing apparatus 100. Similar to the above-de- 
scribed FIG. 5, the x-axis indicates a focal position and 
they-axisindicatesasphericalaberration.Thejittervalue 
is indicated with a contour map composed of ellipses 
drawn concentrically. 

15 [0102] First, the minimum-jitter probe 1 searches for a 
point, among the five points of Aq, A-,, A 2 , A 3 and A 4 in 
FIG. 7, which minimizes the jitter value. For each of the 
points A.,, A 2 , A 3 and A 4 , one side along the X-axis di- 
rection has a length of AX, and the points respectively 

20 form apices of a rectangle in which one side along the 
Y-axis has a length of AY. The point Aq is located at the 
center of the rectangle composed of the points A 1? A 2 , 
A3 and A 4 . In the contour map shown in FIG. 7, the point 
that minimizes the jitter value searched by the minimum- 
's jitter probe 1 is the point Aq. 

[0103] Next, the minimum-jitter probe 1 searches for 
a point, among the five points Aq, B 1( B 2 , B 3 and B 4 in 
FIG. 7, that minimizes the jitter value. The points B 1( B 2 , 
B 3 and B 4 form respectively apices of a rectangle cen- 

30 tered on the point Aq. in the rectangle formed with the 
points B 1? B 2 , B 3 and B 4 , one side along with the X-axis 
direction is shorter than AX, and one side along with the 
Y-axis is shorter than AY. In the contour map shown in 
FIG. 7, the point that minimizes the jitter value searched 

35 by the minimum-jitter probe 1 is the point B 3 . 

[0104] Subsequently, the above-described search is 
repeated by centering the point B 3 that is obtained in this 
search as a point minimizing the jitter, and by decreasing 
further the AX and AY, thereby lowering the jitter value. 

40 The repeated search is ended when the jitter value bot- 
toms out and cannot be decreased further. Thereby, a 
focal position and a spherical aberration that minimize 
the jitter value can be obtained. This method of search 
can decrease measurement points of jitter when com- 

45 pared to the method described referring to FIG. 5. Ac- 
cordingly, the search can be carried out at a higher speed 
than the method concerning FIG. 5. 
[0105] FIG. 8 is a flow chart showing operations for 
another two-dimensional search using the optical infor- 

50 mation processing apparatus 1 00. First in step S1 1 , the 
minimum-jitter probe 1 sets initial values for the focal po- 
sition X and the spherical aberration Y. The initial values 
have a small jitter that is set previously by experiments, 
simulations or the like to be decreased to a level enabling 

55 signal reproduction. In the following step S12, the mini- 
mum-jitter probe 1 sets five measurement points included 
in the ranges of AX and AY centering the initial value (X, 
Y). Next in step S13, the jitter detector 4 measures the 
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jitter values at the five measurement points, and the min- 
imum-jitter probe 1 searches for a measurement point, 
among the five measurement points, which minimizes 
the jitter. 

[0106] Later in step S14, the minimum-jitter probe 1 
decides whether the jitter minimum value is converged 
or not. The conditions for decision of convergence can 
be, for example, that a change of the jitter minimum value 
becomes equal to or less than a previously-set value, or 
measurement values of jitter at the five measurement 
points are equalized. 

[0107] in a case of a decision that the jitter minimum 
value is not converged (NO in step S14), steps S12 and 
S1 3 are repeated by further decreasing the values of AX 
and AY. In a case of a decision that the jitter minimum 
value is converged (YES in step S14), the two-dimen- 
sional search is ended. In this manner, a focus control 
and a spherical aberration control can be performed ac- 
curately by performing the two-dimensional search for 
obtaining a focal position and a spherical aberration that 
minimize the jitter. 

[01 08] Though the jitter measurement points included 
in the ranges of AX and AY are five in this embodiment, 
the present invention will not be limited thereto. The 
number of the jitter measurement points can be from 2 
to 4, or it can be 6 or more. 

[0109] As described above, according to the embodi- 
ment of the present invention, the minimum-jitter probe 
1 searches for a point (Xa, Yb) that minimizes the jitter 
value by comparing the jitter values at respective points 
(Xi, Yj), and repeats the search around the point (Xa, Yb) 
by decreasing the ranges AX and AY. Here, the focal 
position is defined as a variable X and the spherical ab- 
erration is defined as a variable Y, a value of n fn' is an 
integer bigger than 1 ) of the variable X within a range AX 
is denoted as Xi (7 is 1 or an integer bigger than 1 and 
not bigger than n), and a value of m ('nf is an integer 
bigger than 1) of the variable Y within a range AY is de- 
noted as Yj ('j' is 1 or an integer bigger than 1 and not 
biggerthan m). Thereby, afocal position and a spherical 
aberration that minimize the jitter value can be obtained 
with accuracy. 

[01 1 0] FIG. 9 is a graph for explaining still another two- 
dimensional search by using the optical information 
processing apparatus 100. Similar to the above-identified 
case concerning FIG. 7, the x-axis indicates a focal po- 
sition and the y-axis indicates a spherical aberration. The 
jitter value is indicated with a contour map composed of 
ellipses drawn concentrically. 

[0111] First, the minimum-jitter probe 1 varies the focal 
position X on a straight line of a predetermined spherical 
aberration Y = Y1 so as to search for a focal position X1 
that minimizes the jitter value. Next, the minimum-jitter 
probe 1 varies the focal position X on another straight 
line of a predetermined spherical aberration Y = Y2 so 
as to search for a focal position X2 that minimizes the 
jitter value. 

[0112] Next, the minimum-jitter probe 1 varies the focal 



position X and the spherical aberration Y on a straight 
line Y = ( Y2 - Y2)/(X2 - X1 ) x (X - X1 ) + Y1 that connects 
the points (X1, Y1) and (X2, Y2) so as to search for a 
focal position and a spherical aberration that minimize 
5 the jitter value. This search method can further decrease 
the jitter measurement points than the method described 
referring to FIG. 7. Therefore, the search can be carried 
out at a still higher speed than the method concerning 
FIG. 7. 

10 [01 1 3] FIG. 1 0 is a flow chart indicating operations for 
still another two-dimensional search by the optical infor- 
mation processing apparatus 1 00. First in step S31 , initial 
values regarding the focal position X and the spherical 
aberrations Y1 and Y2 are set. The initial values have a 

15 small jitter that is set previously by experiments, simula- 
tions or the like to be decreased to a level enabling signal 
reproduction. Next in step S32, the jitter is measured by 
varying the focal position X by a degree of AX on a straight 
line of the spherical aberration Y1 . Next in step S33, it is 

20 decided whether the measured jitter value is minimum 
or not. When the measured jitter value is decided as not 
being minimum (NO in step S33), the operation returns 
to step S32 for varying the focal position X until the jitter 
value becomes minimum. When the measured jitter val- 

25 ue is decided as minimum (YES in step S33), the oper- 
ation goes to step S34. 

[0114] In step S34, the focal position X is varied by a 
degree of AX on a straight line of the spherical aberration 
Y2 so as to measure the jitter. Next in step S35, the meas- 

30 ured jitter value is decided whether it is the minimum or 
not. When the measured jitter value is decided as not 
being minimum (NO in the step S35), the operation re- 
turns to step S34 for varying the focal position X until the 
jitter value becomes minimum. When the measure jitter 

35 value is decided as minimum (YES in step S35), the op- 
eration goes to step S36. 

[01 1 5] Later in step S36, the focal position X is varied 
by a degree of AX, and the jitter is measured by using 
the spherical aberration Y as a value obtained by substi- 

^o tuting X in a formula representing a straight line connect- 
ing a point (X1 , Y1 ) and a point (X2, Y2), that is, Y = (Y2 
- Y2)/(X2 - X1 ) x (X - X1 ) + Y1 . In step S37, it is decided 
whetherthe measured jitter value becomes minimum or 
not. When the measure jitter value is decided as not being 

45 minimum (NO in the step S37), the operation returns to 
step S36 for varying the focal position X and the spherical 
aberration Y until the jitter value becomes minimum. 
When the measured jitter value is decided as minimum 
(YES in step S37), the two-dimensional search is ended. 

so [0116] According to this embodiment of the present 
invention, when the focal position is defined as avariable 
X and the spherical aberration is defined as a variable 
Y, the minimum-jitter probe 1 varies the focal position X 
for a predetermined spherical aberration Y1 so as to 

55 search for a focal position X1 that minimizes the jitter 
value, and varies the focal position X for a predetermined 
spherical aberration Y2 so as to search for afocal position 
X2 that minimizes the jitter value, and thus it varies the 
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focal position X and the spherical aberration Y on a 
straight line Y = (Y2 - Y1)/(X2 - X1) x (X - X1) + Y1 con- 
necting a point (X1, Y1) and a point (X2, Y2) so as to 
search for a focal position and a spherical aberration that 
minimize the jitter value. Thereby, a focal position and a 
spherical aberration that minimize the jitter value can be 
obtained accurately at a high speed. 
[0117] Here, the focal position X is searched under a 
condition of predetermined spherical aberrations Y = Y1 
and Y = Y2. Needless to say, a similar search can be 
performed by searching for the spherical aberration Y 
under a condition of predetermined focal positions X = 
X1 andX = X2. 

[0118] FIG. 11 is a graph for explaining still another 
two-dimensional search by using the optical information 
processing apparatus 100. First, the minimum-jitter 
probe 1 varies the focal position X and the spherical ab- 
erration Y on a straight line Y = aX + Y0 concerning a tilt 
a passing a predetermined spherical aberration Y0 so as 
to search for a focal position X1 and a spherical aberra- 
tion Y1 that minimize the jitter value. Next, the minimum- 
jitter probe 1 varies the focal position X and the spherical 
aberration Y on a straight line Y = - (X - X1 )/a + Y1 con- 
cerning a tilt - 1/a passing a point (X1 , Y1 ) so as to search 
for a focal position and a spherical aberration that mini- 
mize the jitter value. 

[0119] The tilt a is determined corresponding to the 
numerical aperture, the wavelength, and the recording 
method. When the tilt a is set as a value that is 0.1 Arms/ 
(Jim or more and 0.3 Arms/jim or less (X denotes a wave- 
length of light), it is effective for use in an optical head 
having a numerical number NA of 0.85 and used for ir- 
radiating an optical disc with light having a wavelength 
that is 390 nm or more and 420 nm or less. 
[0120] The search method utilizes that the major axes 
and the minor axes composing the contour map repre- 
senting a jitter characteristic have respectively certain 
tilts with respect to the x-axis and the y-axis. This can 
decrease further jitter measurement points in a compar- 
ison with the method described above referring to FIG. 
9. Therefore, the search can be carried out at a higher 
speed than the method concerning FIG. 9. 
[0121] FIG. 12 is a flow chart showing operations for 
a still another two-dimensional search by using the opti- 
cal information processing apparatus 100. First in step 

541 , initial values for a tilt a and a spherical aberration 
Y0 are set. The initial values have a small jitter that is set 
previously by experiments, simulations or the like to be 
decreased to a level enabling signal reproduction. In step 

542, the focal position X is varied by a degree of AX and 
the spherical aberration Y is determined as a value ob- 
tained by substituting X into a formula Y = aX + Y0, and 
thus the jitter is measured. 

[0122] Next in step S43, it is decided whether the 
measured jitter value is minimum or not. When the meas- 
ured jitter value is decided as not being minimum (NO in 
step S43), the operation returns to step S42 so as to vary 
the focal position X and the spherical aberration Y until 



the jitter value becomes minimum. When the measured 
jitter value is decided as minimum (YES in step S43), the 
operation goes to step S44. 

[0123] In step S44, the focal position X is varied by a 
5 degree of AX and the spherical aberration Y is determined 
as a value obtained by substituting X into a formula Y = 
- (X - X1 )/a + Y1 so as to measure the jitter. Next in step 
S45, the measured jitter value is evaluated as to whether 
it is the minimum or not. When the measured jitter value 
10 is decided as not being minimum (NO in the step S45), 
the operation returns to step S44 for varying the focal 
position X and the spherical aberration Y until the jitter 
value becomes minimum. When the measure jitter value 
is decided as minimum (YES in step S45), the two-di- 
15 mensional search is ended. 

[0124] According to this embodiment of the present 
invention, when the focal position is defined as a variable 
X and the spherical aberration is defined as a variable 
Y, the minimum-jitter probe 1 varies the focal position X 
20 and spherical aberration Y on a straight line Y = aX + Y0 
concerning a tilt a passing a predetermined spherical ab- 
erration Y0 so as to search for a focal position X1 and a 
spherical aberration Y1 that optimize the jitter value, and 
varies the focal position X and a spherical aberration Y 
25 on a straight line Y = - (X - X1 )/a + Y1 concerning a tilt - 
1/a passing a point (X1 , Y1 ) so as to search for a focal 
position and a spherical aberration that minimize the jitter 
value. Thereby, a focal position and a spherical aberra- 
tion that minimize the jitter value can be obtained accu- 
se rately at a high speed. 

[0125] Though the spherical aberration is compensat- 
ed by varying the spacing between two lenses provided 
in the spherical aberration compensator 7 of an optical 
head 5 in the above-described embodiment, the present 
35 invention is not limited thereto. Alternatively, the spheri- 
cal aberration can be compensated by using a liquid crys- 
tal element. 

[0126] FIG. 13 is a block diagram for explaining a con- 
figuration of another optical head 5A provided in the op- 

40 tical information processing apparatus 1 00 according to 
an embodiment of the present invention. FIG. 14 is a front 
view of a liquid crystal element 31 provided in the optical 
head 5A. Identical reference signs are used for compo- 
nents common to those of the optical head 5 described 

45 above by referring to FIG. 2. Therefore, detailed expla- 
nation will be omitted for these components. The optical 
head 5A is different from the above-described optical 
head 5 in that the spherical aberration compensator 7 is 
replaced by the liquid crystal element 31. As shown in 

50 FIG. 14, an electrode provided in the liquid crystal ele- 
ment 31 is divided into plural regions by concentric cir- 
cles. The phase differences of light transmitted through 
the liquid crystal element 31 are controlled by adjusting 
voltages applied respectively to the electrodes provided 

55 in the respective regions, thereby compensating the 
spherical aberration. 

[0127] Accordingly, the present invention can provide 
an optical information processing apparatus that im- 
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proves a signal reproduced from an optical disc, and the 
present invention can provide a method of processing 
optical information. 

[0128] Summarized, an optical information processing 
method and apparatus is provided, including an optical 5 
head for irradiating an optical information recording me- 
dium with light, converting the light reflected by the optical 
information recording medium into a head signal and out- 
putting the head signal; a signal quality index detector 
for detecting a signal quality index representing quality 10 
of the head signal on the basis of the head signal; and a 
two-dimensional probe for varying the focal position and 
the spherical aberration of the light radiated onto the op- 
tical information recording medium so as to search for a 
focal position and a spherical aberration that optimize is 
the signal quality index detected by the signal quality in- 
dex detector. 



Claims 20 

1. An optical information processing apparatus com- 
prising: 

an optical head (5) for irradiating an optical in- 25 
formation recording medium (6) with light, con- 
verting the light into a head signal after the light 
is reflected by the optical information recording 
medium (6), and outputting the head signal, 
a signal quality index detector (4) for detecting 30 
a signal quality index representing quality of the 
head signal on the basis of the head signal out- 
putted from the optical head (5), and 
a two-dimensional probe (1 , 2, 3) for varying a 
focal position (FE) and another parameter 35 
(SAE), 

characterized in that 

said other parameter is a spherical aberration (SAE) 
of the light radiated onto the optical information re- *o 
cording medium (6) so as for said two-dimensional 
probe (1 , 2, 3) to search for a focal position (FE) and 
a spherical aberration (SAE) that optimize the signal 
quality index detected by the signal quality index de- 
tector (4), and in that 45 
a spherical aberration compensator (7) is provided, 
to which said two-dimensional probe (1 , 2, 3) outputs 
a signal. 



ical aberration that optimizes the signal quality 
index. 

3. The optical information processing apparatus ac- 
cording to claim 2, wherein the two-dimensional 
probe repeats alternately the search for the focal po- 
sition by using the focal position probe and the 
search for the spherical aberration by using the 
spherical aberration probe so as to search for a focal 
position and a spherical aberration that optimize the 
signal quality index. 

4. The optical information processing apparatus ac- 
cording to one of claims 1 to 3, wherein 

when the focal position is defined as a variable X 
and the spherical aberration is defined as a variable 
Y, a value of n ('n' is an integer bigger than 1 ) of the 
variable X within a range AX is denoted as Xi (T is 
1 or an integer bigger than 1 and not bigger than n), 
and a value of m ('m' is an integer bigger than 1 ) of 
the variable Y within a range AY is denoted as Yj fj' 
is 1 or an integer biggerthan 1 and not biggerthan m), 
the two-dimensional probe compares values of the 
signal quality indices at the respective points (Xi, Yj) 
so as to search for a point (Xa, Yb) that optimizes 
the signal quality index, and repeats the search 
around the point (Xa, Yb) while reducing the range 
AX and the range AY so as to obtain a focal position 
and a spherical aberration that optimize the signal 
quality index. 

5. The optical information processing apparatus ac- 
cording to one of claims 1 to 4, wherein when the 
focal position is defined as a variable X and the 
spherical aberration is defined as a variable Y, 

the two-dimensional probe varies the focal position 
X at a predetermined spherical aberration Y1 so as 
to search for a focal position X1 that optimizes the 
signal quality index and varies the focal position X 
at a predetermined spherical aberration Y2 so as to 
search for a focal position X2 that optimizes the sig- 
nal quality index, and 

the two-dimensional probe varies the focal position 
X and the spherical aberration Y on a straight line Y 
= (Y2 - Y1)/(X2 - X1) x (X - X1) + Y1 that connects 
a point (X1 , Y1 ) and a point (X2, Y2) so as to search 
for a focal position and a spherical aberration that 
optimize the signal quality index. 



2. The optical information processing apparatus ac- 50 
cording to claim 1, wherein the two-dimensional 
probe comprises: 

a focal position probe (2) for varying the focal 
position so as to search for a focal position that 55 
optimizes the signal quality index, and 
a spherical aberration probe (3) for varying the 
spherical aberration so as to search for aspher- 



6. The optical information processing apparatus ac- 
cording to one of claims 1 to 5, wherein when the 
focal position is defined as a variable X and the 
spherical aberration is defined as a variable Y, 
the two-dimensional probe varies the spherical ab- 
erration Y at a predetermined focal position X1 so 
as to search for a spherical aberration Y1 that opti- 
mizes the signal quality index and varies the spher- 
ical aberration Y at a predetermined focal position 
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X2 so as to search for a spherical aberration Y2 that 
optimizes the signal quality index, and 
the two-dimensional probe varies the focal position 
X and the spherical aberration Y on a straight line Y 
= (Y2 - Y1 )/(X2 - X1 ) x (X - X1 ) + Y1 that connects 5 
a point (X1 , Y1 ) and a point (X2, Y2) so as to search 
for a focal position and a spherical aberration that 
optimize the signal quality index. 

7. The optical information processing apparatus ac- io- 
cording to one of claims 1 to 6, wherein when the 
focal position is defined as a variable X and the 
spherical aberration is defined as a variable Y, 

the two-dimensional probe varies the focal position 
X and the spherical aberration Y on a straight line Y 15 
-aX+YO concerning a tilt a passing a predetermined 
spherical aberration YO so as to search for a focal 
position X1 and a spherical aberration Y1 that opti- 
mize the signal quality index, and 
the two-dimensional probe varies the focal position 20 
X and the spherical aberration Y on a straight line Y 
= - (X - X1)/a + Y1 concerning a tilt -1/a passing a 
point (X1 , Y1 ) so as to search for a focal position and 
a spherical aberration that optimize the signal q uality 
index. 25 

8. The optical information processing apparatus ac- 
cording to claim 7, wherein A, is 390 nm or more and 
420 nm or less, NA is about 0.85, and the value of 
the tilt a is 0.1 Xxms/pm or more and 0.3 Arms/|Lim so 
or less, when X denotes a wavelength of the light 
radiated onto the optical information recording me- 
dium and NA denotes a numerical aperture. 

9. The optical information processing apparatus ac- 35 
cording to one of claims 1 to 8, wherein the signal 
quality index detected by the signal quality index de- 
tecto r is jitte r, an d t he two-dim e nsio nal probe search - 

es for a focal position and a spherical aberration that 
minimize the jitter. 40 



quality index detected by the signal quality index de- 
tector is an amplitude of a tracking error signal, and 
the two-dimensional probe searches for a focal po- 
sition and a spherical aberration that maximize the 
amplitude of the tracking error signal. 

13. The optical information processing apparatus ac- 
cording to one of claims 1 to 8, wherein the signal 
quality index detected by the signal quality index de- 
tector is an amplitude of a wobble signal, and the 
two-dimensional probe searches for a focal position 
and a spherical aberration that maximize the ampli- 
tude of the wobble signal. 

14. The optical information processing apparatus ac- 
cording to one of claims 1 to 1 3, wherein the optical 
head irradiates the optical information recording me- 
dium with light so as to record experimental informa- 
tion, and the head signal converted from the light 
reflected by the optical information recording medi- 
um is obtained by reproducing the experimental in- 
formation. 

15. The optical information processing apparatus ac- 
cording to claim 14, wherein 

the signal quality index comprises a focusing error 
signal and a tracking error signal; 
the two-dimensional probe has afocal position probe 
for varying the focal position so as to search for a 
focal position that maximizes the amplitude of the 
tracking error signal, and a spherical aberration 
probe for varying the spherical aberration so as to 
search for a spherical aberration that maximizes the 
amplitude of the focusing error signal; and 
the optical head records the experimental informa- 
tion on the optical information recording medium at 
a spherical aberration that maximizes the amplitude 
of the focusing error signal and at a focal position 
that maximizes the amplitude of the tracking error 
signal. 



10. The optical information processing apparatus ac- 
cording to one of claims 1 to 8, wherein the signal 
quality index detected by the signal quality index de- 
tectorisan error rate, and the two-dimensional probe 
searches for a focal position and a spherical aber- 
ration that minimize the error rate. 

11. The optical information processing apparatus ac- 
cording to one of claims 1 to 8, wherein the signal 
quality index detected by the signal quality index de- 
tector is an amplitude of a reproduction signal, and 
the two-dimensional probe searches for a focal po- 
sition and a spherical aberration that maximize the 
amplitude of the reproduction signal. 

12. The optical information processing apparatus ac- 
cording to one of claims 1 to 8, wherein the signal 



16. A method of processing optical information, compris- 
ing: an optical head signal output comprising irradi- 
ating an optical information recording medium with 

45 light, converting the light into a head signal after the 
light is reflected by the optical information recording 
medium, and outputting the head signal, 
a signal quality index detection comprising detecting 
a signal quality index representing q uality of the head 

50 signal on the basis of the head signal outputted from 
the optical head, and 

a two-dimensional search comprising varying the fo- 
cal position (S2) and another parameter (S4), 
characterized in that 
55 said other parameter is a spherical aberration of the 
light radiated onto the optical information recording 
medium so as to search for a focal position and a 
spherical aberration that optimize the signal quality 
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index detected by the signal quality index detector. 

17. The method of processing optical information ac- 
cording to claim 16, wherein the two-dimensional 
search comprises: 

a focal position search comprising varying the 
focal position so as to search for a focal position 
that optimizes the signal quality index, and 
a spherical aberration search comprising vary- 
ing the spherical aberration so as to search for 
a spherical aberration that optimizes the signal 
quality index. 

18. The method of processing optical information ac- 
cording to claim 17, wherein the two-dimensional 
search comprises repeating alternately a search for 
the focal position by using the focal position probe 
and a search for the spherical aberration by using 
the spherical aberration probe so as to search for a 
focal position and a spherical aberration that opti- 
mize the signal quality index. 

19. The method of processing optical information ac- 
cording to one of claims 1 6 to 1 8, wherein when the 
focal position is defined as a variable X and the 
spherical aberration is defined as a variable Y, a val- 
ue of n fn' is an integer bigger than 1 ) of the variable 
X within a range AX is denoted as Xi (7 is 1 or an 
integer bigger than 1 and not bigger than n), and a 
value of m ('m' is an integer bigger than 1) of the 
variable Y within a range AY is denoted as Yj ('j' is 
1 or an integer bigger than 1 and not bigger than m) 
in the two-dimensional search, 

the signal quality indices at the respective points (Xi, 
Yj) are compared so as to search for a point (Xa, Yb) 
that optimizes the signal quality index and the search 
around the point (Xa, Yb) is repeated while reducing 
the range AX and the range AY so as to obtain a 
focal position and a spherical aberration that opti- 
mize the signal quality index. 

20. The method of processing optical information ac- 
cording to one of claims 1 6 to 1 9, wherein when the 
focal position is defined as a variable X and the 
spherical aberration is defined as a variable Y in the 
two-dimensional search, 

the focal position X is varied at a predetermined 
spherical aberration Y1 so as to search for a focal 
position X1 that optimizes the signal quality index, 
and the focal position X is varied at a predetermined 
spherical aberration Y2 so as to search for a focal 
position X2 that optimizes the signal quality index, 
and 

the focal position X and the spherical aberration Y 
are varied on a straight line Y = (Y2 - Y1)/(X2 - X1 ) 
x (X - X1 ) + Y1 that connects a point (X1 , Y1 ) and a 
point (X2, Y2) so as to search for a focal position and 



26 

a spherical aberration that optimize the signal quality 
index. 

21. The method of processing optical information ac- 
cording to one of claims 16 to 20, wherein when the 
focal position is defined as a variable X and the 
spherical aberration is defined as a variable Y In the 
two-dimensional search, 

the spherical aberration Y is varied at a predeter- 
mined focal position X1 so as to search for a spher- 
ical aberration Y1 that optimizes the signal quality 
index, and the spherical aberration Y is varied at a 
predetermined focal position X2 so as to search for 
a spherical aberration Y2 that optimizes the signal 
quality index, and 

the focal position X and the spherical aberration Y 
are varied on a straight line Y = (Y2 - Y1)/(X2 - X1) 
x (X - X1 ) + Y1 that connects a point (X1 , Y1 ) and a 
point (X2, Y2) so as to search for a focal position and 
a spherical aberration that optimize the signal quality 
index. 

22. The method of processing optical information ac- 
cording to one of claims 16 to 21 , wherein when the 
focal position is defined as a variable X and the 
spherical aberration is defined as a variable Y in the 
two-dimensional search, 

the focal position X and the spherical aberration Y 
are varied on a straight line Y = aX + Y0 concerning 
a tilt a passing a predetermined spherical aberration 
YOsoastosearchforafocal position X1 andaspher- 
ical aberration Y1 that optimize the signal quality in- 
dex, and the focal position X and the spherical ab- 
erration Y are varied on a straight line Y = -(X - X1) 
la + Y1 concerning a tilt Ala passing a point (X1 , Y1 ) 
so as to search for a focal position and a spherical 
aberration that optimize the signal quality index. 

23. The method of processing optical information ac- 
cording to claim 22, wherein X is 390 nm or more 
and 420 nm or less, NA is about 0.85, and the value 
of the tilt a is 0. 1 Arms/|i,m or more and 0.3 Xrms/jjum 
or less, when X denotes a wavelength of the light 
radiated onto the optical information recording me- 
dium and NA denotes a numerical aperture. 

24. The method of processing optical information ac- 
cording to one of claims 1 6 to 23, wherein the signal 
quality index detected by the signal quality index de- 
tector is jitter, and a focal position and a spherical 
aberration that minimize the jitter are searched for 
in the two-dimensional search. 

25. The method of processing optical information ac- 
cording to one of claims 1 6 to 23, wherein the signal 
quality index detected by the signal quality index de- 
tector is an error rate, and a focal position and a 
spherical aberration that minimize the error rate are 
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searched for in the two-dimensional search. 

26. The method of processing optical information ac- 
cording to one of claims 1 6 to 23, wherein the signal 
quality index detected by the signal quality index de- 
tector is an amplitude of a reproduction signal, and 
a focal position and a spherical aberration that max- 
imize the amplitude of the reproduction signal are 
searched for in the two-dimensional search. 

27. The method of processing optical information ac- 
cording to one of claims 1 6 to 23, wherein the signal 
quality index detected by the signal quality index de- 
tector is an amplitude of a tracking error signal, and 
a focal position and a spherical aberration that max- 
imize the amplitude of the tracking error signal are 
searched for in the two-dimensional search. 

28. The method of processing optical information ac- 
cording to one of claims 1 6 to 23, wherein the signal 
quality index detected by the signal quality index de- 
tector is an amplitude of a wobble signal, and afocal 
position and a spherical aberration that maximize 
the amplitude of the wobble signal are searched for 
in the two-dimensional search. 

29. The method of processing optical information ac- 
cording to one of claims 16 to 28, wherein experi- 
mental information is recorded on the optical infor- 
mation recording medium, and the head signal con- 
verted from the light reflected by the optical informa- 
tion recording medium is obtained by reproducing 
the experimental information. 

30. The method of processing optical information ac- 
cording to claim 29, wherein the signal quality index 
comprises a focusing errorsignal and a tracking error 
signal; 

the two-dimensional search comprises a focal posi- 
tion search comprising varying the focal position so 
as to search for a focal position that maximizes the 
amplitude of the tracking errorsignal, and asphericai 
aberration search comprising varying the spherical 
aberration so as to search for a spherical aberration 
that maximizes the amplitude of the focusing error 
signal; and further comprises an optical head record- 
ing to record the experimental information on the op- 
tical information recording medium in advance of the 
optical head signal output, at a spherical aberration 
that maximizes the amplitude of the focusing error 
signal and at afocal position that maximizes the am- 
plitude of the tracking error signal. 



Patentanspruche 

1. Optisches Informationsverarbeitungsgerat, umfas- 
send: 



einen optischen Kopf (5) zur Bestrahlung eines 
optischen Informationsaufzeichnungsmediums 
(6) mit Licht, zum Umwandeln des Lichts in ein 
Kopfsignal nach der Reflexion des Lichts durch 

5 das optische Informationsaufzeichnungsmedi- 

um (6), und zum Ausgeben des Kopfsignals, 
einen Signalqualitatsindexdetektor (4) zum Er- 
fassen eines die Qualitat des Kopfsignals dar- 
stelienden Signalqualitatsindexes auf der Basis 

10 des von dem optischen Kopf (5) ausgegebenen 

Kopfsignals, und 

eine zweidimensionale Sonde (1 , 2, 3) zum Ver- 
andern einer Fokuslage (FE) und eines anderen 
Parameters (SAE), 

15 

dadurch gekennzeichnet, dass 

dieserandere Parameter eine spharische Aberration 
(SAE) des Lichts ist, das auf das optische Informa- 
tionsaufzeichnungsmedium (6) gestrahlt wird, damit 

20 die zweidimensionale Sonde (1 , 2, 3) nach einer Fo- 
kuslage (FE) und einer spharischen Aberration 
(SAE)sucht, die den Signalqualitatsindex, der durch 
den Signalqualitatsindexdetektor (4) festgestellt 
wird, optimieren, und dass 

25 ein Spharische-Aberration-Kompensator (7) berelt- 
gestellt ist, an den die zweidimensionale Sonde (1 , 
2, 3) ein Signal ausgibt. 

2. Optisches Informationsverarbeitungsgerat gemaB 
30 Anspruch 1 , wobei die zweidimensionale Sonde Fol- 

gendes umfasst: 

eine Fokuslagen-Sonde (2) zum Verandern der 
Fokuslage, urn nach einer Fokuslage zu su- 
35 chen, die den Signalqualitatsindex optimiert, 

und 

eineSpharische-Aberration-Sonde (3) zum Ver- 
andern der spharischen Aberration, urn nach ei- 
ner spharischen Aberration zu suchen, die den 
40 Signalqualitatsindex optimiert. 

3. Optisches Informationsverarbeitungsgerat gemaB 
Anspruch 2, wobei die zweidimensionale Sonde die 
Suche nach der Fokuslage durch Verwenden der 

45 Fokuslagen-Sonde und die Suche nach der sphari- 
schen Aberration durch Verwenden der Spharische- 
Aberration-Sonde abwechselnd wiederholt, urn 
nach einer Fokuslage und einer spharischen Aber- 
ration zu suchen, die den Signalqualitatsindex opti- 

50 mieren. 

4. Optisches Informationsverarbeitungsgerat gemaB 
einem der Anspruche 1 bis 3, wobei, wenn die Fo- 
kuslage als eine Variable X definiert ist und die spha- 

55 rische Aberration als eine Variable Y definiert ist, ein 
Wert von n ('n' ist eine ganze Zahl groBer als 1) der 
Variablen X Innerhalb eines Bereichs AX als Xi (T 
ist 1 oder eine ganze Zahl groBer als 1 und nicht 
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groBer als n) bezeichnet ist, und ein Wert von m ('m' 
ist eine ganze Zahl groBer als 1) der Variablen Y 
innerhalb eines Bereichs AY als Yj fj' ist 1 oder eine 
ganze Zahl groBer als 1 und nicht groBer als m) be- 
zeichnet ist, 5 
die zweidimensionale Sonde Werte der Signalqua- 
litatsindizes an den jeweiligen Punkten (Xi, Yj) ver- 
gleicht, urn nach einem Punkt (Xa, Yb) zu suchen, 
der den Signalqualitatsindex optimiert, und die Su- 
che um den Punkt (Xa, Yb) wiederholt; wahrend der 10 
Bereich AX und der Bereich AY verringert wird, um 
eine Fokuslage und eine spharische Aberration zu 
erhalten, die den Signalqualitatsindex optimieren. 



die spharische Aberration Y bezCiglich einer Neigung 
a, die durch eine vorbestimmte spharische Aberra- 
tion YO verlauft, auf einer geraden Linie Y = aX + YO 
verandert, um nach einer Fokuslage X1 und einer 
spharischen Aberration Y1 zu suchen, die den Si- 
gnalqualitatsindex optimieren, und 
die zweidimensionale Sonde die Fokuslage X und 
die spharische Aberration Y bezCiglich einer Neigung 
-1/a, die durch einen Punkt (X1 , Y1) verlauft, auf ei- 
ner geraden Linie Y = -(X - X1 )/a + Y1 verandert, um 
nach einer Fokuslage und einer spharischen Aber- 
ration zu suchen, die den Signalqualitatsindex opti- 
mieren. 



Optisches Informationsverarbeitungsgerat gemaB 15 
einem der Anspruche 1 bis 4, wobei, wenn die Fo- 
kuslage als eine Variable X definiert ist und die spha- 
rische Aberration als eine Variable Y definiert ist, 
die zweidimensionale Sonde die Fokuslage X bei 
einervorbestimmten spharischen Aberration Y1 ver- 20 
andert, um nach einer Fokuslage X1 zu suchen, die 
den Signalqualitatsindex optimiert, und die Fokusla- 
ge X bei einervorbestimmten spharischen Aberrati- 
on Y2 verandert, um nach einer Fokuslage X2 zu 
suchen, die den Signalqualitatsindex optimiert, und 25 
die zweidimensionale Sonde die Fokuslage X und 
die spharische Aberration Y auf einer geraden Linie 

Y = (Y2 - Y1)/(X2 - X1) x (X - X1) + Y1, die einen 
Punkt (X1, Y1) und einen Punkt (X2, Y2) verbindet, 
verandert, um nach einer Fokuslage und einer spha- 30 
rischen Aberration zu suchen, die den Signalquali- 
tatsindex optimieren. 

Optisches Informationsverarbeitungsgerat gemaB 
einem der Anspruche 1 bis 5, wobei, wenn die Fo- 35 
kuslage als eine Variable X definiert ist und die spha- 
rische Aberration als eine Variable Y definiert ist, 
die zweidimensionale Sonde die spharische Aber- 
ration Y bei einervorbestimmten Fokuslage X1 ver- 
andert, um nach einer spharischen Aberration Y1 zu 40 
suchen, die den Signalqualitatsindex optimiert, und 
die spharische Aberration Y bei einervorbestimmten 
Fokuslage X2 verandert, um nach einer spharischen 
Aberration Y2 zu suchen, die den Signalqualitatsin- 
dex optimiert, und 45 
die zweidimensionale Sonde die Fokuslage X und 
die spharische Aberration Y auf einer geraden Linie 

Y = (Y2 - Y1)/(X2 - X1) x (X - X1) + Y1, die einen 
Punkt (X1 , Y1) und einen Punkt (X2, Y2) verbindet, 
verandert, um nach einer Fokuslage und einer spha- so 
rischen Aberration zu suchen, die den Signalquali- 
tatsindex optimieren. 

Optisches Informationsverarbeitungsgerat gemaB 
einem der Anspruche 1 bis 6, wobei, wenn die Fo- 55 
kuslage als eine Variable X definiert ist und die spha- 
rische Aberration als eine Variable Y definiert ist, 
die zweidimensionale Sonde die Fokuslage X und 



8. Optisches Informationsverarbeitungsgerat gemaB 
Anspruch 7, wobei X 390 nm oder mehr und 420 nm 
oderwenigerbetragt, NAetwaO,85 betragt, und der 
Wert der Neigung a 0,1 A-rms/fjun oder mehr und 0,3 
Xrms/y,m oderwenigerbetragt, wenn A, eine Wellen- 
lange des Lichts ist, das auf das optische Informati- 
onsaufzeichnungsmedium gestrahltwird, und N A ei- 
ne numerische Apertur angibt. 

9- Optisches Informationsverarbeitungsgerat gemaB 
einem der Anspruche 1 bis 8, wobei der Signalqua- 
litatsindex, der durch den Signalqualitatsindexde- 
tektor festgestellt wird, Jitter ist, und die zweidimen- 
sionale Sonde nach einer Fokuslage und einerspha- 
rischen Aberration sucht, die den Jitter minimieren. 

10. Optisches Informationsverarbeitungsgerat gemaB 
einem der Anspruche 1 bis 8, wobei der Signalqua- 
litatsindex, der durch den Signalqualitatsindexde- 
tektor festgestellt wird, eine Fehlerrate ist, und die 
zweidimensionale Sonde nach einer Fokuslage und 
einer spharischen Aberration sucht, die die Fehler- 
rate minimieren. 

11. Optisches Informationsverarbeitungsgerat gemaB 
einem der Anspruche 1 bis 8, wobei der Signalqua- 
litatsindex, der durch den Signalqualitatsindexde- 
tektor festgestellt wird, eine Amplitude eines Wie- 
dergabesi gnals ist, und die zweidimensionale Sonde 
nach einer Fokuslage und einer spharischen Aber- 
ration sucht, die die Amplitude des Wiedergabesi- 
gnals maximieren. 

12. Optisches informationsverarbeitungsgerat gemaB 
einem der Anspruche 1 bis 8, wobei der Signalqua- 
litatsindex, der durch den Signalqualitatsindexde- 
tektor festgestellt wird, eine Amplitude eines 
Trackingfehlersignais ist, und die zweidimensionale 
Sonde nach einer Fokuslage und einer spharischen 
Aberration sucht, die die Amplitude des Trackingfeh- 
lersignais maximieren. 

13. Optisches Informationsverarbeitungsgerat gemaB 
einem der Anspruche 1 bis 8, wobei der Signalqua- 
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litatsindex, der durch den Signalqualitatsindexde- 
tektor festgestellt wird, eine Amplitude eines Wob- 
belsignais ist, und die zweidimensionale Sonde nach 
einer Fokuslage und einer spharischen Aberration 
sucht, die die Amplitude des Wobbelsignals maxi- 
mieren. 

14. Optisches Informationsverarbeitungsgerat gemaB 
einem der Anspruche 1 bis 13, wobei der optische 
Kopf das optische Informationsaufzeichnungsmedi- 
urn mit Licht bestrahlt, urn eine Versuchsinformation 
aufzuzeichnen, und das Kopfsignal, das aus dem 
durch das optische Aufzeichnungsmedium reflek- 
tierten Licht umgewandeit wird, durch Wiedergeben 
der Versuchsinformation erhaiten wird. 

15. Optisches Informationsverarbeitungsgerat gemaB 
Anspruch 14, wobei 

der Signalqualitatsindex ein Fokussierungsfehlersi- 
gnal und ein Trackingfehlersignal umfasst; 
die zweidimensionale Sonde eine Fokuslagen-Son- 
deaufweistzum Verandern der Fokuslage, urn nach 
einer Fokuslage zu suchen, die die Amplitude des 
Trackingfehlersignals maximiert, und eine Sphari- 
sche-Aberrati on -Sonde aufweistzum Verandern der 
spharischen Aberration, um nach einer spharischen 
Aberration zu suchen, die die Amplitude des Fokus- 
sierungsfehlersignals maximiert; und 
der optische Kopf die Versuchsinformation bei einer 
spharischen Aberration, die die Amplitude des Fo- 
kussierungsfehlersignals maximiert, und einer Fo- 
kuslage, die die Amplitude des Trackingfehlersi- 
gnals maximiert, auf das optische Informationsauf- 
zeichnungsmedium aufzeichnet. 

16. Verfahren zur Verarbeitung optischer Information, 
umfassend: 

Ausgeben eines Signals vom optischen Kopf, 
umfassend das Bestrahlen eines optischen In- 
form ationsaufzeichnungsmediums mit Licht, 
das Umwandeln des Lichts in ein Kopfsignal, 
nachdem das Licht durch das optische Informa- 
tionsaufzeichnungsmedium reflektiert wurde, 
und das Ausgeben des Kopfsignals, 
Feststellen eines Signalqualitatsindex, umfas- 
send das Feststellen eines Signalqualitatsin- 
dex, der die Qualitat des Kopfsignals darstellt, 
auf Basis des Kopfsignals, das vom optischen 
Kopf ausgegeben wird, und 
Zweidimensionales Suchen, umfassend das 
Verandern der Fokuslage (S2) und eines ande- 
ren Parameters (S4), 

dadurch gekennzeichnet, dass 

der andere Parameter eine spharische Aberration 
des Lichts ist, das auf das optische Informationsauf- 
zeichnungsmedium gestrahit wird, um nach einer 



Fokuslage und einer spharischen Aberration zu su- 
chen, die den Signalqualitatsindex, der durch den 
Signalqualitatsindexdetektor festgestellt wird, opti- 
mieren. 

5 

17. Verfahren zur Verarbeitung optischer Information 
gemaB Anspruch 16, wobei das zweidimensionale 
Suchen Folgendes umfasst: 

10 eine Fokuslagensuche, umfassend das Veran- 

dern der Fokuslage, um nach einer Fokuslage 
zu suchen, die den Signalqualitatsindex opti- 
miert, und 

eine Spharische-Aberrations-Suche, umfas- 
15 send das Verandern der spharischen Aberrati- 

on, um nach einer spharischen Aberration zu 
suchen, die den Signalqualitatsindex optimiert. 

18. Verfahren zur Verarbeitung optischer Information 
20 gemaB Anspruch 17, wobei das zweidimensionale 

Suchen das abwechselnde Wiederholen eines Su- 
ch ens nach der Fokuslage durch Verwenden der Fo- 
kuslagen-Sonde und eines Suchens nach der spha- 
rischen Aberration durch Verwenden der Sphari- 
25 sche-Aberration-Sonde fur die spharische Aberrati- 
on umfasst, um nach einer Fokuslage und einer 
spharischen Aberration zu suchen, die den Signal- 
qualitatsindex optimieren. 

30 19. Verfahren zur Verarbeitung optischer information 
gemaB einem der Anspruche 1 6 bis 1 8, wobei, wenn 
beim zweidimensionalen Suchen die Fokuslage als 
eine Variable X definiert ist und die spharische Ab- 
erration als eine Variable Y definiert ist, ein Wert von 

35 n ('n' ist eine ganze Zahl gr6Ber als 1 ) der Variablen 
X innerhalb eines Bereichs AX als Xi (7 ist 1 oder 
eine ganze Zahl groBer als 1 und nicht groBer als n) 
bezeichnet ist, und ein Wert von m('m' ist eine ganze 
Zahl gr6Ber als 1) der Variablen Y innerhalb eines 

40 Bereichs AY als Yj (']' ist 1 oder eine ganze Zahl 
groBer als 1 und nicht groBer als m) bezeichnet ist, 
die Signalqualitatsindizesan den jeweiligen Punkten 
(Xi, Yj) verglichen werden, um nach einem Punkt 
(Xa, Yb) zu suchen, der den Signalqualitatsindex op- 

45 timiert, und das Suchen um den Punkt (Xa, Yb) wie- 
derholt wird, wahrend der Bereich AX und der Be- 
reichAYverringertwird, umeine Fokuslage und eine 
spharische Aberration zu erhaiten, die den Signal- 
qualitatsindex optimieren. 

50 

20. Verfahren zur Verarbeitung optischer Information 
gemaB einem der Anspruche 1 6 bis 1 9, wobei, wenn 
beim zweidimensionalen Suchen die Fokuslage als 
eine Variable X definiert ist und die spharische Ab- 
55 erration als eine Variable Y definiert ist, 

die Fokuslage X bei einer vorbestimmten sphari- 
schen Aberration Y1 verandert wird, um nach einer 
Fokuslage X1 zu suchen, die den Signalqualitatsin- 
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dex optimiert, und die Fokuslage X bei einer vorbe- 
stimmten spharischen Aberration Y2 verandert wird, 
um nach einer Fokuslage X2 zu suchen, die den Si- 
gnalqualitatsindex optimiert, und 
die Fokuslage X und die spharische Aberration Y auf 5 
einer geraden Linie Y = ( Y2 - Y1 )/(X2 - X1 ) x (X - X1 ) 
+ Y1 , die einen Punkt (X1 , Y1 ) und einen Punkt (X2, 
Y2) verbindet, verandert werden, um nach einer Fo- 
kuslage und einer spharischen Aberration zu su- 
chen, die den Signalqualitatsindex optimieren. 10 

21. Verfahren zur Verarbeitung optischer Information 
gemaB einem der Anspruche 1 6 bis 20, wobei, wenn 
beim zweidimensionalen Suchen die Fokuslage als 
eine Variable X definiert ist und die spharische Ab- 15 
erration als eine Variable Y definiert ist, 

die spharische Aberration Y bei einer vorbestimmten 
Fokuslage X1 verandert wird, um nach einer spha- 
rischen Aberration Y1 zu suchen, die den Signalqua- 
litatsindex optimiert, und die spharische Aberration 20 

Y bei einer vorbestimmten Fokuslage X2 verandert 
wird, um nach einer spharischen Aberration Y2 zu 
suchen, die den Signalqualitatsindex optimiert, und 
die Fokuslage X und die spharische Aberration Y auf 
einer geraden Linie Y = (Y2 - Y1 )/(X2 - X1 ) x (X - X1 ) 25 
+ Y1 , die einen Punkt (X1 , Y1 ) und einen Punkt (X2, 
Y2) verbindet, verandert werden, um nach einer Fo- 
kuslage und einer spharischen Aberration zu su- 
chen, die den Signalqualitatsindex optimieren. 

30 

22. Verfahren zur Verarbeitung optischer Information 
gemaB einem der Anspruche 1 6 bis 21 , wobei, wenn 
beim zweidimensionalen Suchen die Fokuslage als 
eine Variable X definiert ist und die spharische Ab- 
erration als eine Variable Y definiert ist, 35 
die Fokuslage X und die spharische Aberration Y 
bezuglich einer Neigung a, die durch eine vorbe- 
stimmte spharische Aberration Y0 verlauft, auf einer 
geraden Linie Y = aX + Y0 verandert werden, um 
nach einer Fokuslage X1 und einer spharischen Ab- 40 
erration Y1 zu suchen, die den Signalqualitatsindex 
optimieren, und die Fokuslage X und die spharische 
Aberration Y bezuglich einer Neigung -1/a, die durch 
einen Punkt (X1 , Y1 ) verlauft, auf einergeraden Linie 

Y = -(X-X1)/a+Y1 verandert werden, um nach einer 45 
Fokuslage und einer spharischen Aberration zu su- 
chen, die den Signalqualitatsindex optimieren. 

23. Verfahren zur Verarbeitung optischer Information 
gemaB Anspruch 22, wobei 1390 nm oder mehr und so 
420 nm oder weniger betragt, NAetwa 0,85 betragt, 
und der Wert der Neigung a 0, 1 A,rms/jxm oder mehr 
und 0,3 Xrms/|mm oder weniger betragt, wenn X eine 
Wellenlange des Lichts ist, das auf das optische In- 
form ationsaufzeichnungsmedium gestrahlt wird, 55 
und NA eine numerische Aperturangibt. 

24. Verfahren zur Verarbeitung optischer Information 



gemaB einem der Anspruche 16 bis 23, wobei der 
Signalqualitatsindex, der durch den Signalquali- 
tatsindexdetektor festgestellt wird, Jitter ist, und 
beim zweidimensionalen Suchen nach einer Fokus- 
lage und einer spharischen Aberration gesucht wird, 
die den Jitter minimieren. 

25. Verfahren zur Verarbeitung optischer Information 
gemaB einem der Anspruche 16 bis 23, wobei der 
Signalqualitatsindex, der durch den Signalquali- 
tatsindexdetektor festgestellt wird, eine Fehlerrate 
ist, und beim zweidimensionalen Suchen nach einer 
Fokuslage und einer spharischen Aberration ge- 
sucht wird, die die Fehlerrate minimieren. 

26. Verfahren zur Verarbeitung optischer Information 
gemaB einem der Anspruche 16 bis 23, wobei der 
Signalqualitatsindex, der durch den Signaiquali- 
tatsindexdetektor festgestellt wird, eine Amplitude 
eines Wiedergabesignals ist, und beim zweidimen- 
sionalen Suchen nach einer Fokuslage und einer 
spharischen Aberration gesucht wird, die die Ampli- 
tude des Wiedergabesignals maximieren. 

27. Verfahren zur Verarbeitung optischer Information 
gemaB einem der Anspruche 16 bis 23, wobei der 
Signalqualitatsindex, der durch den Signaiquali- 
tatsindexdetektor festgestellt wird, eine Amplitude 
eines Trackingfehlersignals ist, und beim zweidi- 
mensionalen Suchen nach einer Fokuslage und ei- 
ner spharischen Aberration gesuchtwird, diedie Am- 
plitude des Trackingfehlersignals maximieren. 

28. Verfahren zur Verarbeitung optischer Information 
gemaB einem der Anspruche 16 bis 23, wobei der 
Signalqualitatsindex, der durch den Signalquali- 
tatsindexdetektor festgestellt wird, eine Amplitude 
eines Wobbelsignals ist, und beim zweidimensiona- 
len Suchen nach einer Fokuslage und einer sphari- 
schen Aberration gesucht wird, die die Amplitude 
des Wobbelsignals maximieren. 

29. Verfahren zur Verarbeitung optischer Information 
gemaB einem der Anspruche 16 bis 28, wobei Ver- 
suchsinformation auf das optische Infomnationsauf- 
zeichnungsmedium aufgezeichnet wird, und das 
Kopfsignal, das aus dem durch das optische Auf- 
zeichnungsmedium reflektierten Licht umgewandelt 
wird, durch Wiedergeben der Versuchsinformation 
erhalten wird. 

30. Verfahren zur Verarbeitung optischer Information 
gemaB Anspruch 29, wobei der Signalqualitatsindex 
ein Fokussierungsfehlersignal und ein Trackingfeh- 
lersignal umfasst; 

das zweidimensionale Suchen ein Suchen nach ei- 
ner Fokuslage, umfassend das Verandern der Fo- 
kuslage, um nach einer Fokuslage zu suchen, die 



18 



35 



EP1 318 507 B1 



36 



die Amplitude des Trackingfehlersignals maximiert, 
und ein Suchen nach einer spharischen Aberration, 
umfassend das Verandern der spharischen Aberra- 
tion, um nach einer spharischen Aberration zu su- 
chen, die die Amplitude des Fokussierungsfehlersi- 
gnals maximiert, umfasst; und ferner ein Aufzeich- 
nen m'rt dem optischen Kopf umfasst, um die Ver- 
suchsinformation vor dem Ausgeben des Signals 
vom optischen Kopf bei einer spharischen Aberrati- 
on, die die Amplitude des Fokussierungsfehlersi- 
gnals maximiert, und bei einer Fokuslage, die die 
Amplitude des Trackingfehlersignals maximiert, auf 
das optische Informationsaufzeichnungsmedium 
aufzuzeichnen. 



Revendications 

1. Appareil de traitement d'information optique 
comprenant : 

une tete optique (5) pour eclairer un support 
d'enregistrement d'information optique (6) avec 
une lumiere, convertir ia lumiere en un signal de 
tete apres que la lumiere a ete reflechie par le 
support d'enregistrement d'information optique 
(6), et delivrer en sortie le signal de tete, 
un detecteur d'indice de qualite de signal (4) 
pour detecter un in dice de qualite de signal re- 
presentant la qualite du signal de tete su r la base 
du signal de tete delivre en sortie de la tete op- 
tique (5), et 

une sonde bidimensionnelle (1,2, 3) pourfaire 
varier une position focale (FE) et un autre para- 
metre (SAE), 
caracterise en ce que 

ledit autre parametre est une aberration spheri- 
que (SAE) de la lumiere rayonnee sur le support 
d'enregistrement d'information optique (6) de 
maniere a ce que la sonde bidimensionnelle (1 , 
2, 3) recherche une position focale (FE) et une 
aberration spherique (SAE) qui optimisent I'in- 
dice de qualite de signal detecte par le detecteur 
d'indice de quality de signal (4), et en ce que 
un compensateur d'aberration spherique (7) est 
prevu, auquel ladite sonde bidimensionnelle (1, 
2, 3) delivre en sortie un signal. 

2. Appareil de traitement d'information optique selon la 
revendication 1, dans lequel la sonde bidimension- 
nelle comprend : 

une sonde de position focale (2) pourfaire varier 
la position focale de maniere a rechercher une 
position focale qui optimise I'indicede qualite de 
signal, et 

une sonde d'aberration spherique (3) pourfaire 
varier I'aberration spherique de maniere a re- 



chercher une aberration spherique qui optimise 
Tindice de qualite de signal. 

3. Appareil de traitement d'information optique selon la 
s revendication 2, dans lequel la sonde bidimension- 
nelle repete altemativement la recherche de ia po- 
sition focale en utilisant la sonde de position focale 
et la recherche de I'aberration spherique en utilisant 
la sonde d'aberration spherique de maniere a re- 

10 chercherune position focale et une aberration sphe- 
rique qui optimisent Tindice de qualite de signal. 

4. Appareil de traitement d'information optique selon 
I'une des revendications 1 a 3, dans lequel 

15 

lorsque la position focale est definie comme une 
variable X et I'aberration spherique est definie 
comme une variable Y, une valeur de n (« n » 
est un entiersuperieur a 1 ) de la variable X dans 

20 une plage AX est denotee comme Xi (« i » est 

1 ou un entier superieur a 1 et non superieur a 
n), et une valeur de m (« m » est un entier su- 
perieur a 1 ) de la variable Y dans une plage AY 
est denotee comme Yj (« j » est 1 ou un entier 

2 $ superieur a 1 et non superieur a m), 

la sonde bidimensionnelle compare les valeurs 
des indices de qualite de signal aux points res- 
pectifs (Xi, Yj) de maniere a rechercher un point 
(Xa, Yb) qui optimise Tin dice de qualite de si- 

30 gnal, et repete la recherche autour du point (Xa, 

Yb) tout en reduisant la plage AX et la plage AY 
de maniere a obtenir une position focale et une 
aberration spherique qui optimisent I'indice de 
qualite de signal. 

35 

5. Appareil de traitement d'information optique selon 
Tune des revendications 1 a 4, dans lequel lorsque 
la position focale est definie comme une variable X 
et i'aberration spherique est definie comme une va- 

40 riabie Y, 

ia sonde bidimensionnelle fait varier la position 
focale X a une aberration spherique predeter- 
minee Y1 de maniere a rechercher une position 

45 focale X1 qui optimise I'indice de qualite de si- 

gnal et fait varier la position focale X a une aber- 
ration spherique predeterminee Y2 de maniere 
a rechercher une position focale X2 qui optimise 
I'indice de qualite de signal, et 

50 la sonde bidimensionnelle fait varier la position 

focale X et I'aberration spherique Y sur une ligne 
droite Y = (Y2 - Y1 )/(X2 - X1 ) x (X - X1 ) + Y1 qui 
relie un point (X1, Y1) et un point (X2, Y2) de 
maniere a rechercher une position focale et une 

55 aberration spherique qui optimisent I'indice de 

qualite de signal. 

6. Appareil de traitement d'information optique selon 
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i'une des revendications 1 a 5, dans Iequel lorsque 
la position focale est definie comme une variable X 
et I'aberration spherique est definie comme une va- 
riable Y, 

5 

la sonde bidimensionnelle fait varier ['aberration 
spherique Y a une position focale predetermi- 
nee X1 de maniere a rechercher une aberration 
spherique Y1 qui optimise I'indice de qualite de 
signal et fait varier I'aberration spherique Y a 10 
une position focale predetermined X2 de manie- 
re a rechercher une aberration spherique Y2 qui 
optimise I'indice de qualite de signal, et 
la sonde bidimensionnelle fait varier la position 
focale X et I'aberration spherique Y sur une ligne is 
droite Y= (Y2- Y1)/(X2 - X1) x (X - X1 ) + Y1 qui 
relie un point (X1, Y1) et un point (X2, Y2) de 
maniere a rechercher une position focale et une 
aberration spherique qui optimisent I'indice de 
qualite de signal. 20 

7. Appareil de traitement d'information optique selon 
Tune des revendications 1 a 6, dans Iequel lorsque 

. la position focale est definie comme une variable X 
et I'aberration spherique est definie comme une va- 25 
riableY, 

la sonde bidimensionnelle fait varier la position 
focale X et I'aberration spherique Y sur une ligne 
droite Y = aX + YO concernant une inclinaison 30 
a passant une aberration spherique pred^termi- 
nee YO de maniere a rechercher une position 
focale X1 et une aberration spherique Y1 qui 
optimisent I'indice de qualite de signal, et 
la sonde bidimensionnelle fait varier la position 35 
focale X et I'aberration spherique Ysur une ligne 
droite Y = -(X - X1 )/a + Y1 concernant une incli- 
naison -1/a passant un point (X1 , Y1) de manie- 
re a rechercher une position focale et une aber- 
ration spherique qui optimisent I'indice de qua- 40 
lite de signal. 

8. Appareil de traitement d'information optique selon la 
revendication 7, dans Iequel X est 390 nm ou plus 
et420 nm ou moins, NA est environ 0,85, et la valeur 45 
de I'inclinaison a est 0,1 A,rms/|jnn ou plus et 0,3 
Xrms/|jim ou moins, lorsque X denote une longueur 
d'onde de la lumiere rayonnee sur le support d'en- 
registrement d'information optique et NA denote une 
ouverture numerique. so 

9. Appareil de traitement d'information optique selon 
I'une des revendications 1 a 8, dans Iequel I'indice 
de qualite de signal detecte par le detecteur d'indice 

de qualite de signal est une instability et ia sonde 55 
bidimensionnelle recherche une position focale et 
une aberration spherique qui minimisent I'instabilite. 



10. Appareil de traitement d'information optique selon 
i'une des revendications 1 a 8, dans Iequel I'indice 
de qualite de signal detecte par le detecteur d'indice 
de qualite de signal est un taux d'erreurs, et la sonde 
bidimensionnelle recherche une position focale et 
une aberration spherique qui minimisent ie taux d'er- 
reurs. 

11. Appareil de traitement d'information optique selon 
I'une des revendications 1 a 8, dans Iequel I'indice 
de qualite de signal detecte par le detecteur d'indice 
de qualite de signal est une amplitude d'un signal de 
reproduction, et la sonde bidimensionnelle recher- 
che une position focale et une aberration spherique 
qui maximisent I'amplitude du signal de reproduc- 
tion. 

12. Appareil de traitement d'information optique selon 
I'une des revendications 1 a 8, dans Iequel I'indice 
de qualite de signal detecte par le detecteur d'indice 
de qualite de signal est une amplitude d'un signal 
d'erreur de poursuite, et la sonde bidimensionnelle 
recherche une position focale et une aberration 
spherique qui maximisent I'amplitude du signal d'er- 
reur de poursuite. 

13. Appareil de traitement d'information optique selon 
I'une des revendications 1 a 8, dans Iequel i'indice 
de qualite de signal detecte par le detecteur d'indice 
de qualite de signal est une amplitude d'un signal de 
vobulation, et la sonde bidimensionnelle recherche 
une position focale et une aberration spherique qui 
maximisent I'amplitude du signal de vobulation. 

14. Appareil de traitement d'information optique selon 
I'une des revendications 1 a 13, dans Iequel latete 
optique eclaire le support d'enregistrement d'infor- 
mation optique avec une lumiere de maniere a en- 
registrer une information experimental, et le signal 
de tete converti a partir de la lumiere ref lechie par le 
support d'enregistrement d'information optique est 
obtenu en reproduisant reformation experimental. 

15. Appareil de traitement d'information optique selon la 
revendication 14, dans Iequel 

I'indice de qualite de signal comprend un signal 
d'erreur de focalisation et un signal d'erreur de 
poursuite ; 

la sonde bidimensionnelle a une sonde de po- 
sition focale pour faire varier ia position focale 
de maniere a rechercher une position focale qui 
maximise I'amplitude du signal d'erreur de pour- 
suite, et une sonde d'aberration spherique pour 
faire varier Paberration spherique de maniere a 
rechercher une aberration spherique qui maxi- 
mise I'amplitude du signal d'erreur de 
focalisation ; et 
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la tete optique enregistre rinformation experi- 
mentale sur le support d'enregistrement d'infor- 
mation optique a une aberration spherique qui 
maximise {'amplitude du signal d'erreurdefoca- 
lisation et a une position focale qui maximise 5 
Samplitude du signal d'erreur de poursuite. 

16. Proc6d6 de traitement d'information optique 
comprenant : 

10 

une sortie de signal de tete optique comprenant 
I'eclairage d'un support d'enregistrement d'in- 
fomnation optique avec une lumiere, la conver- 
sion de la lumiere en un signal detete apres que 
la lumiere a ete reflechie par le support d'enre- is 
gistrement d'information optique, et la delivran- 
ce en sortie du signal de tete, 
une detection d'indice de qualite de signal com- 
prenant la detection d'un indice de qualite de 
signal representant la qualite du signal de tete 20 
sur la base du signal de tete delivre en sortie de 
la tete optique, et 20. 
une recherche bidimensionnelle comprenant de 
faire varier la position focale (S2) et un autre 
parametre (S4), 25 
caracterise en ce que 

ledit autre parametre est une aberration spheri- 
que de la lumiere rayonnee sur le support d'en- 
registrement d'information optique de maniere 
a recherche r une position focale et une aberra- 30 
tion spherique qui optimisent I'indice de qualite 
de signal detecte par le detecteur d'indice de 
qualite de signal. 

17. Proced6 de traitement d'information optique selon 35 
la revendication 16, dans lequel la recherche bidi- 
mensionnelle comprend : 

une recherche de position focale comprenant 
de faire varier la position focale de maniere a *o 
rechercher une position focale qui optimise Tin- 
dice de qualite de signal, et 

une recherche d'aberration spherique compre- 21. 
nant de faire varierl'aberration spherique de ma- 
niere a rechercher une aberration spherique qui 45 
optimise i'indice de qualite de signal. 

18. Proc6d6 de traitement d'information optique selon 
la revendication 17, dans lequel la recherche bidi- 
mensionnelle comprend de repeter alternativement 50 
une recherche de la position focale en utilisant la 
sonde de position focale et une recherche de I'aber- 
ration spherique en utilisant la sonde d'aberration 
spherique de maniere a rechercher une position fo- 
cale et une aberration spherique qui optimisent i'in- 55 
dice de qualite de signal. 

19. Procede de traitement d'information optique selon 



Tune des revendications 1 6 a 1 8, dans lequel lorsque 
la position focale est definie comme une variable X 
et i'aberration spherique est definie comme une va- 
riable Y, une valeur den (« n » est un entier superieur 
a 1 ) de la variable X dans une plage AX est denotee 
comme Xi (« i » est 1 ou un entier superieur a 1 et 
non superieur a n), et une valeur de m (« m » est un 
entier superieur a 1 ) de la variable Y dans une plage 
AY est denotee comme Yj (« j » est 1 ou un entier 
superieur a 1 etnonsuperieuram) dans la recherche 
bidimensionnelle, 

les indices de qualite de signal aux points res- 
pectifs (Xi, Yj) sont compares de maniere a re- 
chercher un point (Xa, Yb) qui optimise I'indice 
de qualite de signal, et la recherche autour du 
point (Xa, Yb) est repetee tout en reduisant la 
plage AX et la plage AY de maniere a obtenir 
une position focale et une aberration spherique 
qui optimisent i'indice de qualite de signal. 

ProcedS de traitement d'information optique selon 
Tune des revendications 1 6 a 1 9, dans lequel lorsq ue 
la position focale est definie comme une variable X 
et I'aberration spherique est definie comme une va- 
riable Y dans la recherche bidimensionnelle, 

la position focale X est fait varier a une aberra- 
tion spherique predeterminee Y1 de maniere a 
rechercher une position focale X1 qui optimise 
I'indice de qualite de signal et la position focale 
X est fait varier a une aberration spherique pre- 
determinee Y2 de maniere a rechercher une po- 
sition focale X2 qui optimise I'indice de qualite 
de signal, et 

la position focale X et I'aberration spherique Y 
sont fait varier sur une ligne droite Y= (Y2 - Y1) 
/ (X2 - X1) x (X - X1) + Y1 qui relie un point (X1 , 
Y1 ) et un point (X2, Y2) de maniere a rechercher 
une position focale et une aberration spherique 
qui optimisent I'indice de qualite de signal. 

Procede de traitement d'information optique selon 
I'une des revendications 1 6 a 20, dans lequel lorsque 
la position focale est definie comme une variable X 
et I'aberration spherique est definie comme une va- 
riable Y dans la recherche bidimensionnelle, 

I'aberration spherique Y est fait varier a une po- 
sition focale predeterminee X1 de maniere a re- 
chercher une aberration spherique Y1 qui opti- 
mise I'indice de qualite de signal et I'aberration 
spherique Y est fait varier a une position focale 
predeterminee X2 de maniere a rechercher une 
aberration spherique Y2 qui optimise I'indice de 
qualite de signal, et 

la position focale X et I'aberration spherique Y 
sont fait varier sur une ligne droite Y = (Y2 - Y1 ) 
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/(X2 - X1) x (X - X1) + Y1 qui relie un point (X1, 
Y1 ) et un point (X2, Y2) de maniere a rechercher 
une position focale et une aberration spherique 
qui optimisent I'indice de qualite de signal. 

5 

22. Procede de traitement d'information optique selon 
Tune des revendications 1 6 a 21 , dans lequel lorsque 
la position focale est d6finie comme une variable X 
et I'aberration spherique est definie comme une va- 
riable Y dans la recherche bidimensionnelle, io 

la position focale X et I'aberration spherique Y 
sont fait varier sur une ligne droite Y = aX + YO 
concernant une inciinaison a passant une aber- 
ration spherique predeterminee YO de maniere is 
a rechercher une position focale X1 et une aber- 
ration spherique Y1 qui optimisent I'indice de 
qualite de signal, et 

la position focale X et I'aberration spherique Y 
sont fait varier sur une ligne droite Y = -(X - X1) 20 
/a + Y1 concernant une inciinaison -1/a passant 
un point (X1, Y1) de maniere a rechercher une 
position focale et une aberration spherique qui 
optimisent I'indice de qualite de signal. 

25 

23. Procede de traitement d'information optique selon 
la revendication 22, dans lequel X est 390 nm ou 
plus et 420 nm ou moins, NA est environ 0,85, et la 
valeur de Pinclinaison a est 0,1 A.rms/|xm ou plus et 

0,3 Xrms/jxm ou moins, lorsque X denote une Ion- 30 
gueur d'onde de la lumiere rayonnee sur le support 
d'enregistrement d'information optique etNA denote 
une ouverture numerique. 

24. Procede de traitement d'information optique selon 35 
I'une des revendications 1 6 a 23, dans lequel I'indice 

de qualite de signal detecte par le detecteur d'indice 
de qualite de signal est une instability, et une position 
focale et une aberration spherique qui minimisent 
I'instabilite sont recherchees dans la recherche bi- 40 
dimensionnelle. 

25. Procede de traitement d'information optique selon 
I'une des revendications 1 6 a 23, dans lequel i'indice 
de qualite de signal detecte par le detecteur d'indice 
de qualite de signal est un taux d'erreurs, et une 
position focale et une aberration spherique qui mi- 
nimisent le taux d'erreurs sont recherchees dans la 
recherche bidimensionnelle. 

so 

26. Procede de traitement d'information optique selon 
I'une des revendications 1 6 a 23, dans lequel I'indice 
de qualite de signal detecte par le detecteur d'indice 
de qualite de signal est une amplitude d'un signal de 
reproduction, et une position focale et une aberration 55 
spherique qui maximisent I'amplitude du signal de 
reproduction sont recherchees dans la recherche bi- 
dimensionnelle. 



27. Procede de traitement d'information optique selon 
I'une des revendications 1 6 a 23, dans lequel I'indice 
de qualite de signal detecte par le detecteur d'indice 
de qualite de signal est une amplitude d'un signal 
d'erreur de poursuite, et une position focale et une 
aberration spherique qui maximisent I'amplitude du 
signal d'erreur de poursuite sont recherchees dans 
la recherche bidimensionnelle. 

28. Procede de traitement d'information optique selon 
I'une des revendications 1 6 a 23, dans lequel I'indice 
de qualite de signal detecte par le detecteur d'indice 
de qualite de signal est une amplitude d'un signal de 
vobulation, et une position focale et une aberration 
spherique qui maximisent I'amplitude du signal de 
vobulation sont recherchees dans la recherche bidi- 
mensionnelle. 

29. Procede de traitement d'information optique selon 
I'une des revendications 16 a 28, dans lequel une 
information experimental est enregistree sur le sup- 
port d'enregistrement d'information optique, et le si- 
gnal de tete convert! a partir de la lumiere reflechie 
par le support d'enregistrement d'information opti- 
que est obtenu en reproduisant I'information expe- 
rimentale. 

30. Procede de traitement d'information optique selon 
la revendication 29, dans lequel i'indice de qualite 
de signal comprendun signal d'erreur de focal isation 
et un signal d'erreur de poursuite ; 

la recherche bidimensionnelle comprend une 
recherche de position focale comprenant de fai- 
re varier la position focale de maniere a recher- 
cher une position focale qui maximise ('amplitu- 
de du signal d'erreur de poursuite, et une re- 
cherche d'aberration spherique comprenant de 
faire varier I'aberration spherique de maniere a 
rechercher une aberration spherique qui maxi- 
mise I'amplitude du signal d'erreur de 
focalisation ; et comprend en outre un enregis- 
trement par tete optique pour enregistrer I'infor- 
mation experimentale sur le support d'enregis- 
trement d'information optique en prealable a la 
sortie du signal de tete optique, a une aberration 
spherique qui maximise ramplitude du signal 
d'erreur de focalisation et a une position focale 
qui maximise ramplitude du signal d'erreur de 
poursuite. 
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